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ABSTRACT
The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  w as t o  i n v e s t i g a t e  t e c h n iq u e s  
o f  i n  v i t r o  c u l t u r e  w h ich  h av e  been  u s e d  w i th  v a r y in g  d e g r e e s  o f  
s u c c e s s  i n  t h e  p r o p a g a t io n  o f  o t h e r  p l a n t s  in c lu d in g  some b u lb o u s  
s p e c i e s .  T h e s e  t e c h n iq u e s  w ere  a p p l i e d  t o  H ip p e a s tru m  in  w h ich  
c lo n a l  i n c r e a s e  i s  o f t e n  d i f f i c u l t  an d  c o s t l y .  The b a s a l  m edium was 
M u ra sh ig e  an d  S k o o g 's  (1 9 6 2 )  c e l l  c u l t u r e  m edium . In  b r i e f ,  17 
f a c t o r i a l  e x p e r im e n ts  i n v e s t i g a t e d  a u x in  [ 1 - n a p h t h a l e n e a c e t i c  
a c i d  (NAA), i n d o l e - 3 - a c e t i c  a c i d  ( lA A ) ,  4 - c h lo r o p h e n o x y p r o p io n ic  a c i d  
(4-C PA ) o r  2 ,4 - d i c h i o r o p h e n o x y a c e t i c  a c i d  ( 2 ,4 - D ) ]  c y t o k i n i n  
[ k i n e t i n ,  6 - (2 f,'S ’- d im e th y l  a l l y l  am in o ) p u r in e  ( 2 iP )  o r  6 - b e n z y l -  
ami n o p u r in e  ( 6 -B A )] i n t e r a c t i o n s .  The e f f e c t  o f  2 - c h l o r o e t h y l t r i ­
m e th y l ammonium c h l o r i d e  (CGC), g i b b e r e l l i c  a c i d  (G A ^), c o c o n u t  m ilk  
and  in c r e a s e d  c o n c e n t r a t i o n s  o f  m e s o - i n o s i t o l , th ia m in e * H C l,  
p y r id o x in e - H C l , n i c o t i n i c  a c i d  and  g l y c i n e  w ere  i n v e s t i g a t e d .
T he f o l lo w in g  p l a n t  t i s s u e s  w e re  u s e d ;  r o o t ,  l e a f ,  o v a r y ,  p e d u n c le ,  
p e t a l , a n t h e r ,  f i l a m e n t ,  s t y l e  and  y o ung  b u l b l e t s  o b t a in e d  from  
b u lb  c u t t a g e .
B u l b l e t s ,  5 t o  8  mm in  d i a m e t e r ,  w e re  q u a r t e r e d  l o n g i t u d i n a l l y  
and  c u l t u r e d  in  v i t r o . E ach b u lb l e t  s e c t i o n  r e o r g a n iz e d  i n t o  a 
s i n g l e  g ro w in g  p o i n t  b u t  c o u ld  n o t  be in d u c e d  t o  p r o l i f e r a t e  f u r t h e r  
by a u x in  a n d / o r  c y t o k i n i n  s u p p le m e n ts  t o  t h e  m edium . The r e s u l t i n g  
b u l b l e t s  w e re  l a r g e  en o u g h  t o  be c u t  a g a in  w i th in  12 w e e k s . T h is  w i l l  
a l lo w  f o r  a  250  f o l d  i n c r e a s e  o v e r  t h e  s t a n d a r d  s e a l  e - s te m  f r a c t i o n  
p r o c e s s .
v i i i
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INTRODUCTION
T he m o n o c o ty le d o n o u s  p l a n t s  h a v e  t r a d i t i o n a l l y  been  n o r e  d i f f i c u l t  
t i s s u e  c u l t u r e  m a t e r i a l  t h a n  t h e  d i c o ty l e d o n s  ( 2 ,6 3 , 1 0 4 ) .  A m o rp h o p h a llu s  
w as t h e  f i r s t  m o n o c o ty le d o n  r e p o r t e d  t o  u n d e rg o  o r g a n o g e n e t ic  d i f f e r e n ­
t i a t i o n  i n  v i t r o  ( 5 7 ) .
Many o rn a m e n ta l  b u lb o u s  p l a n t s  b e lo n g  t o  a few  m o n o co ty le d o n o u s  
f a m i l i e s  (A m a r y l l id a c e a e ,  A g a v a c e a e , I r i d a c e a e  and  L i l i a c e a e ) .  S p e c ie s  
i n  t h e s e  f a m i l i e s  a r e  o f t e n  s lo w  t o  o f f s e t  n a t u r a l l y  and  h o r t i c u l t u r a l  
s e l e c t i o n s  g e n e r a l l y  p ro d u c e  h e te ro z y g o u s  s e e d .  H ip p e a s tru m  i s  no 
e x c e p t io n  t o  t h i s .  The D u tch  h y b r id s  a t  b e s t  p ro d u c e  o n ly  a m o d e ra te  
num ber o f  o f f s e t s  an d  a few  r a r e l y ,  i f  e v e r ,  p ro d u c e  an y  a t  a l l  ( 9 7 ) .
Hi p p e a s tru m  h a s  p r o b a b ly  been  s e l e c t e d  by l a r g e  g ro w e rs  f o r  t h e  
a b i l i t y  t o  o f f s e t  a s  w e l l  a s  o t h e r  c h a r a c t e r i s t i c s .  'A p p le  B lo sso m ' 
h a s  been  o n e  o f  t h e  m o s t w id e ly  c u l t i v a t e d  s e l e c t i o n s  in  t h e  w o r ld  and  
a l s o  o n e  o f  t h e  f r e e s t  t o  o f f s e t .  C e r t a in  o f  t h e  named c u l t i v a r s  have 
u n d e rg o n e  c h a n g e s  s i n c e  t h e y  w ere  f i r s t  in t r o d u c e d .  I t  i s  p ro b a b le  
t h a t  s u b t l e  s u b s t i t u t i o n s  have  b een  m ade t h a t  o f f s e t  m ore f r e e l y  o r  a r e  
m ore  e a s i l y  g row n . I n f r e q u e n t  o f f s e t t i n g  h a s  been  a d e t e r r e n t  t o  th e  
d i s s e m i n a t i o n  o f  many d e s i r a b l e  c u l t i v a r s .  Many s p e c i e s  have been  
d i f f i c u l t  t o  m a in t a in  o u t  o f  t h e i r  d i v e r s e  n a t u r a l  e n v iro n m e n ts  and  
a r e  r e p r e s e n t e d  by o n ly  a v e r y  few  p l a n t s  i n  t h e  p o s s e s s io n  o f  a few  
p l a n t  e x p l o r e r s  an d  c o l l e c t o r s .
T i s s u e  c u l t u r e  may a l lo w  b r e e d e r s  t o  make co m m erc ia l u se  o f  
d e s i r a b l e  q u a l i t i e s  fo u n d  in  s t e r i l e  o r  in c o m p a t ib le  h y b r id s  an d  s p e c i e s .
1
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The i n c r e a s e  o f  t h e s e  r a r e  p l a n t s  w o u ld  be a v a l u a b l e  c o n t r i b u t i o n .
The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was t o  i n v e s t i g a t e  te c h n iq u e s
o f  in  v i t r o  c u l t u r e  w h ic h  h a v e  been  u s e d  w ith  v a r y in g  d e g r e e s  o f  
s u c c e s s  i n  t h e  p r o p a g a t io n  o f  o t h e r  p l a n t s ,  i n c lu d in g  some b u lb o u s  
s p e c i e s .  S u p p le m e n ts  t o  t h e  c u l t u r e  m edium w ere  a l s o  i n v e s t i g a t e d  
f o r  t h e  a b i l i t y  t o  p ro d u c e  p l a n t l e t s  fro m  d i f f e r e n t  t y p e s ,  l o c a t i o n  
a n d  d e g r e e  o f  m a t u r i t y  o f  H ip p e a s tru m  t i s s u e s .
The g e n u s  H ip p e a s tru m  may h e r e in  be c i t e d  a s  A m a r y l l i s  when 
u se d  a s  su c h  by a n o t h e r  a u t h o r .  I t  may a l s o  be r e f e r r e d  t o  by t h i s
a u th o r  u n d e r  t h e  common name a m a r y l l i s .
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REVIEW OF LITERATURE
G am borg , e t . a l .  (1 9 ) s t a t e  t h a t  t h e  s u c c e s s  o f  an y  c e l l  t i s s u e  
c u l t u r e  i s  g o v e rn e d  by tw o f a c t o r s  : t h e  e x p l a n t  an d  t h e  c u l t u r e
m edium . I t  m ig h t  be a d v a n ta g e o u s  t o  amend t h i s  t o  i n c lu d e  c u l t u r e  
e n v iro n m e n t  s i n c e  m ore f a c t o r s  th a n  t h e  m edium  e x h i b i t  an i n f l u e n c e  on 
th e  e x p l a n t .  T he g e n e t i c  c h a r a c t e r i s t i c s  o f  t h e  e x p l a n t  a r e  o f t e n  t h e  
l i m i t i n g  f a c t o r s  a s s o c i a t e d  w i th  t h e  a b i l i t y  t o  o b t a i n  p r o l i f e r a t i o n  in  
v i t r o . One su c h  p ro b le m  commonly a s s o c i a t e d  w i th  t h e  m o n o c o ty le d o n s  i s  
t h e  w id e s p re a d  d i f f i c u l t y  in  o b t a i n i n g  d e d i f f e r e n t i a t i o n  in  m a tu re  c e l l s .  
T h e re  a r e  o n ly  a  few  s p e c i e s  known t o  u n d e rg o  t r u e  s e c o n d a ry  g ro w th  by 
m eans o f  a  m o n o co t "cam bium " ( 1 4 ) .  P r o p a g a t io n  in  v i t r o  may be a c h ie v e d  
by d i r e c t  o r g a n o g e n e s is  o f  p l a n t l e t s  fro m  a  n o n m e r is te m a t ic  e x p l a n t ,  
i n d u c t i o n  o f  g ro w th  a t  a m e r i s t e m a t i c  p o i n t  o r  o r g a n o g e n e s is  from  an 
u n d i f f e r e n t i a t e d  m ass o f  c a l l u s .  C lo n a l r e p r o d u c t io n  o f  t h e  m ain  s h o o t  
m a i n t a i n s  t h e  g r e a t e s t  p o t e n t i a l  i n  t h e  l e a f  a x i l .  H ow ever, p l a n t s  
c u l t u r e d  i n  v i t r o  h ave  a h ig h  d e g r e e  o f  a p i c a l  d o m in a n c e . T h u s , t h e  
p o t e n t i a l l y  m e r i s t e m a t i c  l e a f  a x i l s  a r e  a lm o s t  a lw a y s  s u p p r e s s e d .  
C y to k in in s  h a v e  e f f e c t i v e l y  p ro m o te d  in  v i t r o  " b ra n c h in g "  o f  s e v e r a l  
m o n o c o ts . H u sse y  h a s  d e m o n s t r a te d  t h i s  on c u l t i v a r s  o f  F r e e s i a  
G l a d i o l u s , S p a r a x i s  and  I r i s . B ra n c h in g  w as p r o f u s e  on M u ra sh ig e  and  
S k o o g 's  medium (1 9 6 2 )  (MS) c o n t a i n i n g  6 -b e n z y l  ami n o p u r in e  ( 6 -BA) in  c o n ­
c e n t r a t i o n s  o f  0 .1  ppm. L i l i a c e a e  ( e . g .  L i l iu m ) and  A m a ry l l id a c e a e  
( e . g .  N a r c i s s u s ) s p e c i e s  p ro v e d  t o  be l e s s  s e n s i t i v e  t o  6 -BA. Good 
b r a n c h in g  o c c u r r e d  o n ly  a t  c o n c e n t r a t i o n s  o f  10 ppm and h ig h e r  ( 3 1 ) .
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P l a n t l e t s  o f  A gave ( 9 9 ) ,  H y a c in th u s , M u s c a r i , O rm 'th o q a lu m  (3 0 )  
and  S c i l l a  ( 3 0 ,3 5 )  h a v e  been  r e g e n e r a t e d  fro m  c a l 11 o b ta in e d  from  
l e a v e s .  S e v e r a l  m em bers o f  t h e  L i l i a c e a e  f a m i ly  H e lo n io p s i s  ( 3 9 ,4 0 ) ,  
H y a c in th u s , M u s c a r i , O rn ith o q a lu m  (3 0 )  an d  S c i l l a  ( 3 0 ,3 5 )  h ave  been  
r e p o r t e d  t o  p ro d u c e  p l a n t l e t s  d i r e c t l y  f ro m  l e a f  t i s s u e  w i th o u t  f i r s t  
g o in g  t o  c a l l u s .  P l a n t l e t s  h a v e  been  r e p o r t e d  t o  b e  u n o b ta in a b le  th ro u g h  
l e a f  c a l l u s  o r  d i r e c t  o rg a n o g e n e s is  o f  l e a f  t i s s u e s  in  H ip p e a s tru m , 
I p h e i o n , N a r c i s s u s , F r e e s i a , G l a d i o l u s , S c h i z o s t y l i s , S p a r a x is  o r  
T u l ip a  ( 3 0 ) .
E x p la n ts  o f  b u lb  s c a l e s  fro m  A m a ry l l id a c e a e  an d  L i l i a c e a e  have  been  
u s e d  t o  i n c r e a s e  t h e  r a t e  o f  p r o p a g a t io n  f o r  many s p e c i e s .  A lliu m  ( 1 1 ) ,  
A m ary l1 i s  ( H ip p e a s tru m )  ( 2 ) ,  Ip h e io n  ( 3 0 ) ,  H y a c in th u s , M u sca ri (3 0 )  and 
O rn i th o q a lu m  (3 0 ,3 5 )  h av e  p ro d u c e d  p l a n t l e t s  fro m  b u lb  s c a l e  c a l l i .  
S p a r a x i s  (3 0 )  p ro d u c e d  c a l l u s  t h a t  w o u ld  n o t  d i f f e r e n t i a t e  i n t o  p l a n t l e t s .  
H u ssey  (3 0 )  r e p o r t s  t h a t  H ip p e a s tru m  b u l b - s c a l e s  w i l l  n o t  i n i t i a t e  c a l l u s  
on MS w i th  i n d o l e - 3 - a c e t i c  a c i d  ( lA A ), 1 - n a p t h y l a c e t i c  a c id  (NAA) o r
2 ,4 - d i c h l o r o p h e n o x y a c e t i c  a c i d  (2 ,4 -D )  a t  c o n c e n t r a t i o n s  o f  0 .0 0 8  t o
s c a l e  c a l l u s  an d  u l t i m a t e l y  p l a n t s  on MS + 2 ,4 -D  (2  ppm) + k i n e t i n  (1  ppm ). 
V ig o ro u s  g ro w th  o f  t h e  c a l l u s  w as a c h ie v e d  by t h e  a d d i t i o n  o f  c o c o n u t  
m i lk  (CM) (10% v / v )  t o  t h e  m edium . D i f f e r e n t i a t i o n  o f  s h o o t  buds w as 
o b s e rv e d  in  o n ly  10% o f  t h e  c u l t u r e s  w i th  f o u r  t o  f i v e  b u d s p e r  d i f f e r ­
e n t i a t e d  c u l t u r e .  T h e  p e r i o d  o f  c u l t u r e  w as n o t  i n d i c a t e d .  Two m em bers 
o f  I r i d a c e a e  [ i . e . ,  F r e e s i a  (3 0 ,5 8 )  and  G la d io lu s  ( 3 0 ,8 5 ) ]  have been  
r e g e n e r a t e d  fro m  corm  c a l l u s .  H ussey  (3 0 )  r e p o r t e d  t h a t  c a l l u s  fro m  
G la d io lu s  c o rm s  d e v e lo p e d  i n  v i t r o  b u t  d i f f e r e n t i a t i o n  d id  n o t  o c c u r .
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No c y t o k i n i n  w as a d d ed  t o  t h e  m edium  f o r  F r e e s i a  o r  G l a d i o l u s . Mori 
e t . a l .  o b t a in e d  d i f f e r e n t i a t i o n  o f  F r e e s i a  s h o o t s  f ro m  corm  c a l l u s  on 
medium c o n t a i n i n g  k i n e t i n  (2 0  m g /1 ) ( 5 8 ) .
H ip p e a s tru m  d a u g h te r  b u lb s  a r e  n a t u r a l l y  i n i t i a t e d  o n ly  i n  t h e  
a x i l s  o f  t h e  s e n e s c in g  b u l b - s c a l e s  o f  t h e  o u t e r  p a r t  o f  t h e  b u lb .  The 
d e c a y  o f  t h e s e  o u t e r  s c a l e s  r e l e a s e s  t h e  d a u g h te r  b u lb s  w h ich  a p p e a r  a s  
a r i n g  o f  " s a t e l l i t e "  b u lb s  a ro u n d  t h e  m o th e r  b u lb  ( 7 5 ) .  The u s e  o f  
b u l b - s c a l e s  i n  v i t r o  h a s  p ro v e n  t o  be a  s u c c e s s f u l  m eth o d  f o r  t h e  
r e g e n e r a t i o n  o f  b u l b l e t s  w i th o u t  f i r s t  g o in g  to  c a l l u s .  L u y ten  ( 4 5 ,4 6 )  
r e p o r t e d  a  new m eth o d  f o r  p r o p a g a t io n  o f  H ip p e a s tru m  by rem o v a l o f  t h e  
l e a f - s c a l e  fro m  t h e  b a s a l  p l a t e  and  p l a c in g  i t  in  m o i s t  s a n d .  T r a u b 's  
m eth o d  ( 9 3 ,9 4 ,9 5 )  o f  p r o p a g a t io n  by m eans o f  tw o b u l b - s c a l e s  j o i n e d  by 
a  s e c t i o n  o f  b a s a l  p l a t e  ( s c a l e - s t e r n  f r a c t i o n )  a p p e a r s  t o  be s u p e r i o r  
( 1 0 3 ) .  C rinum  ( 5 9 ) ,  Ip h e io n  ( 3 0 ) ,  N a r c i s s u s  ( 3 0 ,7 9 , 8 1 ,9 0 ) ,  H y a c in th u s  
( 3 0 ,7 0 , 7 1 ,9 1 ) ,  L i l iu m  ( 2 0 ,2 1 , 7 7 ,8 4 ) ,  M u s c a r i , O rn ith o q a lu m  (3 0 )  and  
S c i l l a  (3 0 ,3 5 )  h ave  a l s o  b een  r e p o r t e d  t o  i n i t i a t e  b u l b l e t s  d i r e c t l y  
i n  v i t r o  fro m  l e a f - s c a l e s .  F o u r  m em bers o f  I r i d a c e a e  [ i . e . ,  F r e e s i a  ( 3 0 ) ,  
G 1 a d io lu s  ( 3 0 ,3 6 , 3 7 ) ,  I r i s  (1 7 )  and  S p a r a x i s  (3 0 ) ]  hav e  a l s o  b een  r e p o r t e d  
t o  i n i t i a t e  s h o o ts  from  n o n m e r is te m a t ic  corm  p i e c e s .  B u l b l e t s  o f  
H y a c in th u s , F r e e s i a  and  N a r c i s s u s  h a v e  been  l o n g i t u d i n a l l y  c u t  i n  h a l f  
and  Hi p p e a s tru m  b u l b l e t s  h av e  been  h a lv e d  o r  q u a r t e r e d  and  c u l t u r e d  in  
v i t r o  a s  a  m eans o f  f u r t h e r  i n c r e a s i n g  t h e  r a t e  o f  p r o p a g a t io n .  Each 
s e c t i o n  h a s  t h e  p o t e n t i a l  t o  fo rm  o n e  b u l b l e t .  H u ssey  (2 8 )  r e p o r t e d  
t h a t  t h e  b u l b l e t  c u t t a g e  c y c l e  f o r  F r e e s i a  w as 5 t o  8  w eeks and  12 to  
16 w eeks f o r  H ip p e a s tru m , H y a c in th u s  and  N a r c i s s u s .
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H ip p e a s tru m  s c a l e  s e c t i o n s  c o n t a i n i n g  a s i n g l e  l e a f - s c a l e  and  a 
s e c t i o n  o f  b a s a l  p l a t e  p ro d u c e d  b u l b l e t s  a t  t h e  p ro x im a l end  and  r o o t s  
f ro m  t h e  b a s a l  p l a t e .  N e i th e r  r o o t s  n o r  b u l b l e t s  w ere  r e g e n e r a t e d  
fro m  b a s a l  p l a t e  s e c t i o n s  w i th o u t  t h e  b u l b - s c a l e .  B u lb - s c a l e s  o b ta in e d  
fro m  t h e  o u t e r  p o r t i o n  o f  t h e  b u lb  had a  h ig h e r  r a t e  o f  r e g e n e r a t i o n  
th a n  t h e  j u v e n i l e  i n n e r  s c a l e s .  No d i f f e r e n c e  in  t h e  num ber o f  b u l b l e t s  
p ro d u c e d  w as d e t e c t e d  b e tw een  t h e  t h i c k e r  p a r t  o f  a s i n g l e  b u l b - s c a l e  
o b t a in e d  a t  t h e  b a s e  o f  t h e  a s s i m i l a t o r y  l e a f  and  t h e  s i n g l e  b u l b - s c a l e  
o b t a in e d  fro m  t h e  s i d e  o p p o s i t e  t h e  b a s e  o f  t h e  a s s i m i l a t o r y  l e a f  ( 1 0 1 ) .  
Hi p p e a s tru m  l e a f  b a s e s  c i r c u m v e n t  t h e  b a s a l  p l a t e  w ith  t h e  l e a f  b la d e  
p o s i t i o n e d  d i r e c t l y  o v e r  t h e  t h i c k e r  p o r t i o n  o f  t h e  l e a f  b a s e .  F u j i  oka 
(1 8 )  fo u n d  t h a t  t e m p e r a tu r e s  o f  25°C  and  30°C  w h ich  a l t e r n a t e d  f o r  
12  h o u r  p e r i o d s  p ro m o ted  a h ig h e r  r a t e  o f  b u lb l e t  and  r o o t  f o r m a t io n  
i n  H ip p e a s tru m  p ro p a g a te d  by c u t t a g e  th a n  f i x e d  t e m p e r a tu r e s  o f  25°C 
o r  30°C . A te m p e r a tu r e  o f  35°C  w as i n h i b i t o r y .  Y uso f (1 0 3 )  r e p o r t e d  
t h a t  fe w e r  b u l b l e t s  w e re  fo rm ed  an d  d e c a y  was a g r e a t e r  p ro b le m  when t h e  
b u l b - s c a l e s  w e re  c u l t u r e d  in  t o t a l  d a r k n e s s .  B u lb l e t  f o r m a t io n  w as a l s o  
d e la y e d  f o r  4 a d d i t i o n a l  w eek s by t h e  a b s e n c e  o f  l i g h t .  B u lb l e t s  began  
t o  fo rm  a f t e r  3 w eeks u n d e r  a  12 h o u r  p h o to p e r io d  p r o v id e d  by c o o l 
w h i te  and "G ro -L u x "  f l u o r e s c e n t  b u lb s  and  a  l i g h t  i n t e n s i t y  o f  300  to  
350  f t - c .
M i i ,  M ori an d  Iw ase  (5 6 )  r e p o r t e d  t h a t  when l e a f  b a s e s  w e re  d e ta c h e d  
fro m  t h e  b a s a l  p l a t e  o f  s e a l  e - f r a c t i o n s  n o t  o n ly  t h e  p o r t i o n  im m e d ia te ly  
a d j a c e n t  t o  t h e  b a s a l  p l a t e  b u t  a l s o  p o r t i o n s  m ore  d i s t a l  p ro d u c e d  
b u l b l e t s .  T he l a r g e s t  num ber o f  b u l b l e t s  w as r e g e n e r a t e d  fro m  b u lb -  
s c a l e s  in  t h e  sum m er. T h is  w as a t  t h e  t im e  when t h e  b u lb s  w e re  r i c h e s t
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i n  t o t a l  c a r b o h y d r a t e s  and  had  a  much g r e a t e r  c o n c e n t r a t i o n  o f  s t a r c h e s  
th a n  s u g a r s  ( 7 8 ) .  L ik e w is e ,  L i l iu m  s p e c io su m  h a s  been  r e p o r t e d  t o  have  
a  g r e a t e r  r e g e n e r a t i v e  c a p a c i t y  in  t h e  summer ( 7 7 ) .
L i l iu m  p ro x im a l s c a l e  s e c t i o n s  1 cm^ p ro d u c e d  l a r g e r  and  a g r e a t e r  
num ber o f  b u l b l e t s  t h a n  d i s t a l  s e c t i o n s .  D i s t a l  s e c t i o n s  p la c e d  on t h e  
a b a x ia l  s u r f a c e  p ro d u c e d  4 .1  b u l b l e t s  p e r  e x p l a n t .  S i m i l a r  s e c t i o n s  
when p l a c e d  on t h e  a d a x ia l  s u r f a c e  p ro d u c e d  o n ly  0 . 4  b u l b l e t s  p e r  e x ­
p l a n t .  The d i f f e r e n c e  in  r e g e n e r a t i v e  c a p a c i t y  w as n o t  n e a r l y  a s  g r e a t  
i n  t h e  o r i e n t a t i o n  o f  t h e  p ro x im a l s e c t i o n s .  The p ro x im a l and  t h e  d i s t a l  
s e c t i o n s  w e re  b i s e c t e d  p a r a l l e l  t o  t h e i r  tw o s u r f a c e s  an d  p la c e d  c u t  
s i d e  dow n. A t o t a l  o f  1 2 .5  b u l b l e t s  w as p ro d u c e d  fro m  t h e  a b a x ia l  and  
a d a x ia l  p i e c e s  o f  t h e  p ro x im a l and  d i s t a l  s e c t i o n s .  An a v e r a g e  o f  
t h r e e  t o  f i v e  b u l b l e t s  was p ro d u c e d  on e n t i r e  L i l iu m  s c a l e s  c u l t u r e d  in  
v i t r o  ( 2 0 ) .  M o r p h o lo g ic a l ly ,  b u l b l e t s  o f  L i l iu m  s p e c io s u m  w ere  r e g e n e r a t e d  
fro m  m e so p h y l1 t i s s u e  i n  t h e  l e a f - s c a l e .
S in g le  H ip p e a s tru m  b u l b - s c a l e s  p ro d u c e d  t h e  l a r g e s t  num ber o f  
b u l b l e t s  on t h e  a b a x ia l  s u r f a c e  w i th  t h e  a d a x ia l  s u r f a c e  up ( 1 0 ) .  S c a le  
s e g m e n ts  c o n t a i n i n g  tw o t h i c k  o r  tw o t h i n  s c a l e s  r e g e n e r a t e d  b u l b l e t s  a t  
a  h ig h e r  r a t e  fro m  t h e  p o s i t i o n  b e tw e e n  t h e  s c a l e s  th a n  fro m  e i t h e r  
s i d e  r e g a r d l e s s  o f  t h e  o r i e n t a t i o n  ( 1 0 1 ,1 0 3 ) .  When s c a l e  s e c t i o n s  w e re  
b i s e c t e d  p a r a l l e l  t o  t h e  two s u r f a c e s  m ore th a n  60% o f  t h e  a d a x ia l  p i e c e s ,  
p l a n t e d  e r e c t  o r  w i th  t h e  c u t  s u r f a c e  dow n, p ro d u c e d  b u l b l e t s  a t  t h e  
p ro x im a l e n d .  W hole s e g m e n ts  c u l t u r e d  in  l i q u i d  m edium  on r e c i p r o c a t i n g  
an d  r o t a r y  s h a k e r s  p ro d u c e d  b u l b l e t s  on 17% and  10% o f  t h e  s e g m e n ts ,  
r e s p e c t i v e l y ,  on t h e  a d a x ia l  s u r f a c e s .  Yanagawa an d  S a k a n is h i  s u g g e s te d
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t h a t  some r e g e n e r a t i v e  s u b s t a n c e  w h ich  i s  t r a n s m i t t a b l e  th ro u g h  t i s s u e  
may be m ore r i c h l y  c o n c e n t r a t e d  i n  t h e  a b a x ia l  r e g io n  th a n  t h e  a d a x ia l  
( 101) .
E xogenous g ro w th  r e g u l a t o r s  e x h i b i t  a s y n e r g i s t i c  e f f e c t  on b u lb -  
s c a l e s  o f  L i l iu m . lAA a lo n e  show s a g r e a t e r  r e s p o n s e  f o r  b u l b l e t  f o rm a ­
t i o n  th a n  k i n e t i n .  W ith o u t  lAA, t h e r e  i s  l i t t l e  o r  no r e s p o n s e  t o  
d i f f e r e n t  l e v e l s  o f  k i n e t i n .  MS + lAA (1 0  m g /1 )  + k i n e t i n  ( 0 .1  m g /1 ) 
p ro d u c e d  m ore b u l b l e t s  t h a n  w i th  e i t h e r  s u p p le m e n t  a lo n e  ( 2 0 ) .  B a p a t and 
N arayanasw am y (2 )  r e p o r t e d  b e t t e r  i n i t i a t i o n  an d  g ro w th  o f  A m ary l1 i s  
e x p l a n t s  on 2 ,4 -D  and  k i n e t i n  t h a n  on e i t h e r  o n e  s i n g u l a r l y .  G i b b e r e l l i c  
a c id  (GAg) an d  t h e  c y t o k i n i n  6 - ( l^ ;V - d im e th y la l l y l a m in o )  p u r in e  ( 2 iP )  
a r e  a l s o  r e p o r t e d  t o  h a v e  a s y n e r g i s t i c  r e l a t i o n s h i p .  The i n h i b i t o r y  
e f f e c t  o f  g i b b e r e l l i n  on o rg a n  f o r m a t io n  w as n o t  r e v e r s e d  by t h e  a n t i -  
g i b b e r e l l i n  a g e n t s  2 , 4 - d i c h i o r o b e n z y l t r i b u t y l  ph o sp h o n iu m  c h l o r i d e  
(P h o sp h o n ) an d  N -d im e th y la m in o s u c c in a m ic  a c id  (B -9 9 5 ) o r  t h e  i n h i b i t o r  
o f  g i b b e r e l l i n  s y n t h e s i s ,  2 - c h l o r o e t h y l t r i m e t h y l  ammonium c h l o r i d e  (CCC) 
b u t  may be c o u n te r e d  by  h ig h  c o n c e n t r a t i o n s  o f  c y t o k i n i n s  ( 1 3 ) .
The l a t e r a l  g ro w in g  p o i n t s  o f  A s p a ra g u s  ( 6 2 ,1 0 2 )  hav e  been  u se d  f o r  
r a p i d  in  v i t r o  p r o p a g a t io n  in  t h e  c o m m erc ia l t r a d e .  U n f o r t u n a t e l y ,  t h e  
a p i c a l  and  l a t e r a l  g ro w in g  p o i n t s  o f  m any m em bers o f  A m a r y l l id a c e a e ,  
I r i d a c e a e  an d  L i l i a c e a e  a r e  l o c a t e d  a t  o r  b e lo w  t h e  s o i l  s u r f a c e .
When t h i s  o c c u r s ,  i t  becom es v e r y  d i f f i c u l t  t o  o b t a i n  s t e r i l e  e x p l a n t s  
f o r  c u l t u r e .  H ip p e a s tru m  ( 3 , 3 4 ) ,  N a r c i s s u s  ( 3 4 ,9 0 ) ,  H o s ta  ( 2 2 ) ,
H yaci n th u s  ( 3 4 ) ,  L i l iu m  ( 3 4 ,4 3 ) ,  F r i t i l l  a r i a , F r e e s i a , G l a d i o l u s ,  I r i s , 
S c h i z o s t y l i s  and  S p a r a x i s  (3 4 )  h a v e  a l l  b een  p r o p a g a te d  by in d u c t i o n  o f
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p r e c o c io u s  l a t e r a l  s h o o t s  o r  d i v i s i o n  o f  j u v e n i l e  b u lb s  o r  c o rm s .
T h o se  s p e c i e s  b e lo n g in g  t o  A m a ry l l id a c e a e  and L i l i a c e a e  r e q u i r e d  a much 
h ig h e r  c o n c e n t r a t i o n  o f  c y t o k i n i n  ( 6 -BA) th a n  m em bers o f  I r i d a c e a e .  
H ip p e a s tru m  an d  F r i t i l l a r i a  p ro d u c e d  fro m  one t o  t h r e e  o f f s e t s  p e r  
p l a n t  on MS + 6 -BA ( 2 . 0  mg 1 ~ ^ ) .  N a r c i s s u s  and  H y a c in th u s  b ra n c h e d  
on t h e  sam e m edium  w i th  up t o  10 b ra n c h e s  a t  1 6 .0  mg 1 "^  ( 3 4 ) .  H o s ta  
s h o o t s  p ro d u c e d  f i v e  t o  s i x  new s h o o ts  e v e ry  4 t o  6  w eeks on MS +
NAA ( 1 .0  m g /1 ) + k i n e t i n  ( 2 .5  o r  5 .0  m g /1 ) .  2 ,4 -D  p ro d u c e d  a p o o r
r e s p o n s e  ( 2 2 ) .  Li 1iurn b r a n c h e d  on MS + 6 -BA ( 2 .0  t o  8 . 0  mg 1 “ ^ ) w ith  
o ne  t o  f i v e  l a t e r a l s  p ro d u c e d .  D i s t o r t i o n  w as e v i d e n t  when t h e  6 -BA 
c o n c e n t r a t i o n  w e n t o v e r  1 6 .0  mg 1 ~ 1 . H ip p e a s tru m  and  F r i t i l l a r i a  
d i s t o r t i o n  m ay becom e e v i d e n t  a t  h ig h e r  c o n c e n t r a t i o n s  b u t  w as n o t  
d e t e c t e d  a t  2 . 0  mg 1 “ ^ 6 -BA ( t h e  h i g h e s t  r a t e  t e s t e d ) .  N a r c i s s u s  and 
H y a c in th u s  h ad  l i t t l e  d i s t o r t i o n  a t  r a t e s  up t o  3 2 .0  mg l ' \  S ub ­
c u l t u r e s  c o u ld  b e  m ade in  12 t o  18 w e e k s . G l a d i o l u s , I r i s , S c h i z o s t y l i s  
and  S p a r a x i s  w e re  c u l t u r e d  on MS b a s a l  medium b u t  w e n t d o rm a n t a t  a 
p e r io d  b e tw e e n  6 an d  10 w e e k s . D orm ancy was p r e v e n te d  by t h e  a d d i t i o n  
o f  6 -BA ( 0 .0 3  mg 1“ ^ )  w h ic h  in d u c e d  z e r o  t o  one  b r a n c h e s  p e r  p l a n t .
When t h e  c o n c e n t r a t i o n  o f  6 -BA w as in c r e a s e d  to  0 .1 2  mg 1 " "  o n e  t o  f i v e  
b ra n c h e s  w ere  in d u c e d .  D i s t o r t i o n  o f  t h e  s h o o ts  an d  r e d u c t i o n  o f  t h e  
r o o t  s y s te m  i n c r e a s e d  a s  6 -BA r a t e s  w en t in  e x c e s s  o f  0 .1 2  mg 1 ” ^ . 
D i s t o r t e d  s h o o t s  g rew  n o r m a l ly  when p la c e d  on m edium  low  in  6 -BA.
F r e e s i a  d id  n o t  r e q u i r e  6 -BA t o  p r e v e n t  d o rm ancy  th o u g h  i t  d id  o c c u r  
a f t e r  12 t o  14  w e e k s . T h is  c o n d i t i o n  w as re m e d ie d  by  d iv i d i n g  t h e  corm  
in  h a l f  an d  s u b - c u l t u r i n g  on t h e  b a s a l  m edium . D iv i s io n  o f  t h e  corm s
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was n o t  s u c c e s s f u l  i n  r e v e r s i n g  do rm an cy  in  t h e  o t h e r  I r i d a c e o u s  p l a n t s .  
B ra n c h in g  o f  F r e e s i a  w as p ro m o ted  by 6 -BA a t  0 .5  mg 1 “ ^ o r  h ig h e r .  
D i s t o r t i o n  o f  t h e  F r e e s i a  p l a n t l e t s  w as r e p o r t e d  i n  m edium s u p p le m e n te d  
w i th  6 -BA a t  r a t e s  o f  8 , 0  mg 1 "^  o r  h ig h e r  ( 3 4 ) .
Im m atu re  A m ary l1 i s  em bryos h a v e  been  c u l t u r e d  by B e l l  ( 3 )  on a m o d i­
f i e d  H o a g la n d 's  m edium . M a tu re  I r i s  em bryos h av e  been  c u l t u r e d  in  v i t r o  
on MS m edium  ( 8 9 ) .  The num ber o f  r o o t s  w as i n c r e a s e d  by medium s u p p le ­
m en ted  w i th  3 - i n d o l e b u t y r i c  a c i d  (IBA) (1 0 " ^  and  5 X 10"^  M) and NAA 
(5  X 1 0 -7 ,  1 0 -6  and  5 X 10"® M ). NAA (10"®  t o  10 "5  M ), IBA (10"® and 
5 X 10"® M) and  2 ,4 -D  (5  X 1 0"^  M) in c r e a s e d  t h e  p l a n t  t i s s u e  w e ig h t .
The num ber o f  l e a v e s  p e r  s e e d l i n g  w as i n c r e a s e d  by k i n e t i n  and  GA^
(1 0 " ^  an d  5 X 10"® M) w i th  t h e  l o n g e s t  r o o t s  p ro d u c e d  by medium s u p p le m e n ts  
o f  k i n e t i n  (1 0 "7  and  5 X 10"^  M) an d  GA3 (5  X 10"6 M) ( 8 9 ) .
Li 1 iurn (8 3 )  p l a n t l e t s  h av e  b een  o b ta in e d  fro m  s te m -a p e x  c a l l u s .  
L in s m a ie r  an d  Skoog (1 9 6 5 )  medium (LS) (4 4 )  was s u p p le m e n te d  w ith  
2 mg/1 lAA t o  s t i m u l a t e  c a l l u s  f o r m a t io n .  C a l lu s  grow n on t h e  a g a r -  
b a s e d  m edium  p ro d u c e d  l a r g e  n u m b ers  o f  p l a n t l e t s  on LS b a s a l  medium when 
t h e  c a l l u s  w as a l lo w e d  t o  a c c u m u la te .
S u r f a c e - s t e r i 1 i z a t i o n  o f  s u b - s u r f a c e  p l a n t  p a r t s  h a s  been  d i f f i c u l t ,  
p a r t i c u l a r l y  when f i e l d  grow n m a t e r i a l  i s  u s e d .  The u s e  o f  f l o r a l  p a r t s ,  
p e d i c e l s ,  r e c e p t a c l e s ,  p e d u n c le s  an d  s c a p e s  f o r  in  v i t r o  c u l t u r e  i s  
o f  v a lu e  s i n c e  t h e s e  e x p l a n t  s o u r c e s  a r e  r e l a t i v e l y  f r e e  o f  s o i l - b o r n e  
c o n ta m in a n t s .  S e c o n d ly ,  t h e  u s e  o f  f l o r a l  p a r t s  d o e s  n o t  r e s u l t  i n  t h e  
d e s t r u c t i o n  o f  t h e  g ro w in g  p o i n t ,  b u l t  o r  c o rm . T h e se  t i s s u e s  may be 
o b ta in e d  w h i le  in  a y o ung  m e r i s t e m a t i c  c o n d i t i o n .
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M a tsu b a ra  and  H ih a ra  (5 0 )  r e p o r t e d  t h a t  A l i i  urn was r e g e n e r a t e d  fro m  
r e c e p t a c l e s  c u t  i n t o  tw o o r  f o u r  p i e c e s  and  c u l t u r e d  on MS m edium . The 
a d d i t i o n  o f  NAA and  6 -BA i n c r e a s e d  t h e  num ber o f  p l a n t l e t s .  The j u v e n i l e  
r e c e p t a c l e s  d e v e lo p e d  p l a n t l e t s  fro m  t h e  p r im o r d ia  o f  f l o r a l  o r g a n s .
O ld e r  r e c e p t a c l e s  fo rm ed  p l a n t l e t s  a s  a  r e s u l t  o f  i n i t i a t i o n  o f  a d v e n ­
t i t i o u s  b u d s .  B u l b l e t s  w e re  fo rm ed  in  30 t o  90 d a y s .
H ip p e a s tru m  p e d u n c le ,  s c a p e  and  f l o r a l  t i s s u e s  a l s o  h av e  p o t e n t i a l  
a s  good  e x p l a n t  m a t e r i a l s  th o u g h  r e s u l t s  d i f f e r  and  a r e  o f t e n  c o n t r a ­
d i c t o r y .  B a p a t an d  N arayanasw am y (2 )  w i th  p e d u n c le  a s  p ro p a g u le  hav e  
r e p o r t e d  t h a t  c a l l u s  w as o b ta in e d  in  8  w eeks on MS + 2 ,4 - 0  (2  ppm) + 
k i n e t i n  (1  p p m ). CM (10% v /v )  s u p p le m e n ts  im p ro v ed  t h e  g ro w th  o f  t h e  
f r i a b l e  y e l lo w - g r e e n  c a l l u s .  N e i th e r  NAA n o r  lAA im p ro v ed  i n i t i a t i o n  
o r  g ro w th  o v e r  2 ,4 -D .  C a l lu s  had a  f i v e - f o l d  i n c r e a s e  in  4 w e e k s . 
T h i r t y - f i v e  t o  f o r t y  p e r  c e n t  o f  t h e  c u l t u r e s  r e g e n e r a t e d  p l a n t l e t s .  
H u ssey  (3 0 )  r e p o r t e d  " o c c a s i o n a l " f o r m a t io n  o f  H ip p e a s tru m  p l a n t l e t s  on 
" s te m "  p i e c e s  a f t e r  8 0  d a y s .  The p l a n t l e t s  w e re  g e n e r a te d  d i r e c t l y  on 
t h e  t i s s u e  ( w i th o u t  c a l l u s )  on MS + NAA ( 2 .0  ppm ). N e i th e r  lAA n o r
2 ,4 -D  e v o k e d  a n y  r e s p o n s e .  P a j e r s k i  (6 9 )  o b t a in e d  c a l l u s  and  
"n u m ero u s"  b u lb s  in  10 w eeks fro m  s c a p e  t i s s u e  o f  A m ary l1 i s  'R ed  L io n ' 
c u l t u r e d  on LS + NAA ( 0 .3  m g /1 ) .  E x p la n ts  c u l t u r e d  in  t h e  d a r k  had 
7 . 7  b u l b l e t s  p e r  c u l t u r e  w h i le  t h o s e  c u l t u r e d  in  t h e  l i g h t  (1 6  h o u rs  
a t  150 f t - c  an d  8 h o u rs  d a r k )  had  o n ly  6 .2  b u lb s  p e r  c u l t u r e .  No 
r e f e r e n c e  w as made t o  t h e  p e r  c e n t  o f  s c a p e  s e c t i o n s  p r o d u c in g  b u lb s  
o r  t o  t h e  num ber o f  c u l t u r e s .  S e a b ro o k  (8 0 )  r e p o r t s  t h a t  m ore  p l a n t l e t s  
w e re  p ro d u c e d  on s c a p e  an d  p e d u n c le  d i s k s  v;hen t h e  p o l a r i t y  w as r e v e r s e d .
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T he m o st p r o d u c t i v e  medium w as MS + 2 ,4 -D  ( 1 .0  m g /1 ) + 6 -BA ( 1 .0  m g /1 ) .  
M edia w h ic h  g e n e r a t e d  s h o o ts  b u t  w e re  l e s s  p r o d u c t iv e  w e re  MS + NAA 
( 2 .4  m g /1 ) + 6 -BA ( 4 .0  m g /1 ) and  MS w i th o u t  a u x in  o r  c y t o k i n i n  s u p p le ­
m e n ts .  N in e ty  p e r  c e n t  o f  t h e  e x p l a n t s  o f  v a r io u s  c lo n e s  p ro d u c e d  1 
t o  12 p l a n t l e t s  a f t e r  8 w e e k s . Oyamada ( 6 8 ) r e p o r t e d  t h a t  no 
o r g a n o g e n e s is  o c c u r r e d  on H ip p e a s tru m  s c a p e ,  p e d u n c le  o r  o v a r y  t i s s u e s  
c u l t u r e d  i j i  v i t r o .
I p h e io n  ( 3 0 ) ,  N a r c i s s u s  ( 7 9 ) ,  F r e e s i a  ( 3 0 ) ,  G la d io lu s  (1 0 4 )  and  
I r i s  ( 5 2 ,5 5 ) ,  H e m e r o c a l l i s  ( 5 1 ,5 4 ) ,  H y a c in th u s , M u s c a r i , O rn ith o q a lu m  
(3 0 )  an d  S c i l l a  (3 0 ,3 5 )  h ave  b een  p ro p a g a te d  fro m  p e d u n c le  a n d / o r  s c a p e  
c a l l i .  A s t r o lo b a  (4 9 )  an d  H a w o r th ia  ( 4 1 ,4 7 ,4 9 )  h av e  been  p r o p a g a te d  
fro m  f l o w e r - a x i s  c a l l i .  S c h i z o s t y l i s  and  S p a r a x i s  (3 0 )  h av e  b een  
r e p o r t e d  t o  g e n e r a t e  c a l l i  th o u g h  H ussey  o b s e rv e d  no o r g a n o g e n e s i s .
H ussey  f a i l e d  t o  o b t a i n  c a l l u s  on p e d u n c le  s e c t i o n s  fro m  N a r c i s s u s  ( 3 0 ) .  
T h is  a p p a r e n t  c o n t r a d i c t i o n  in  r e s u l t s  t o  S e a b r o o k 's  w ork  w i th  N a r c i s s u s  
s c a p e  t i s s u e  (7 9 )  p r o b a b ly  r e s u l t e d  fro m  S e a b r o o k 's  a d d i t i o n  o f  an 
e x o g e n o u s  c y t o k i n i n  t o  t h e  m edium  o r  v a r i a t i o n s  b e tw een  t h e  t y p e s  o f  
p l a n t  t i s s u e  o r  c u l t i v a r  r e s p o n s e .
I p h e io n  ( 3 0 ) ,  N a r c i s s u s  ( 7 9 ,8 1 ) ,  G la d io lu s  ( 3 0 ) ,  I r i ^  ( 3 2 ,3 3 ) ,  
S c h i z o s t y l i s , S p a r a x i s  ( 3 0 ) ,  H o s ta  ( 5 5 ) ,  H y a c in th u s  ( 3 0 ) ,  L i l iu m  ( 7 , 9 ) ,  
M u s c a r i , O rn i th o q a lu m  (3 0 )  an d  S c i l l a  (3 0 ,3 5 )  g e n e r a t e d  p l a n t l e t s  
d i r e c t l y  fro m  p e d u n c le  a n d /o r  s c a p e  t i s s u e s .  A s t r o lo b a  (4 9 )  and  
H a w o r th ia  (4 7 ,4 9 )  a r e  r e p o r t e d  t o  g e n e r a t e  p l a n t l e t s  fro m  p r e - fo rm e d  
b u d s i n  f l o w e r - a x i s -  H u s s e y 's  f a i l u r e  t o  o b t a i n  p l a n t l e t s  fro m  N a r c is s u s  
by d i r e c t  o rg a n o g e n e s is  (3 0 )  c o n t r a d i c t e d  S e a b r o o k 's  ( 7 9 ,8 1 )  r e p o r t e d
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s u c c e s s e s .  T h is  v a r i a t i o n  p ro b a b ly  w as f o r  t h e  sam e r e a s o n s  t h a t  
N a r c i s s u s  p l a n t l e t s  w e re  n o t  o b t a in e d  by H u ssey  fro m  p e d u n c le  c a l l u s .  
F r e e s i a  an d  T u l ip a  (3 0 )  f a i l e d  t o  p ro d u c e  p l a n t l e t s  by d i r e c t  o rg a n o ­
g e n e s i s  fro m  p e d u n c le  t i s s u e .
A m ary l1 i s  a n t h e r s  h a v e  been  r e p o r t e d  t o  fo rm  c a l l u s  b u t  o n ly  when 
a s s o c i a t e d  w i th  ex o g e n o u s  2 ,4 -D  ( 2 ) .  T h e re  w as no c e l l  d i v i s i o n  in  t h e  
m ic r o s p o r e s  b u t  t h e  c o n n e c t iv e  t i s s u e  an d  t h e  a n t h e r  w a l l s  w e re  s t im u ­
l a t e d  t o  fo rm  a c a l l u s  m a ss . A 2 .3 3  f o l d  i n c r e a s e  by  f r e s h  w e ig h t  to o k  
p l a c e  i n  4 w eeks o f  c u l t u r e .  H ow ever, o n ly  15 t o  20 p e r  c e n t  o f  t h e  
c u l t u r e s  r e g e n e r a t e d  p l a n t l e t s .  S e a b ro o k  (8 0 )  r e p o r t e d  no r e s p o n s e  fro m  
H ip p e a s tru m  a n t h e r s  ev e n  in  m edium  s u p p le m e n te d  w i th  2 ,4 -D  ( 1 .0  m g /1 ) .  
H e m e r o c a l l i s  h a s  been  r e g e n e r a t e d  by m eans o f  c a l l u s  from  p e t a l s  c u l t u r e d  
in  t h e  d a rk  ( 8 , 2 3 , 2 4 ) .  A m a r y l l i s  p e r i a n t h  show ed no g ro w th  p o t e n t i a l  o r  
c a l l u s  p r o d u c t io n .  The i s o l a t e d  s t y l e  an d  f i l a m e n t  tu r n e d  g re e n  and  
e l o n g a te d  b u t  f a i l e d  t o  p r o l i f e r a t e  i n t o  a  c a l l u s  m ass  on MS + CM +
2 ,4 -D  (2  ppm) + k i n e t i n  (1  ppm) ( 2 ) .  C u l tu r e  o f  t h e  o v a ry  t i s s u e  
( 2 ,3 0 , 5 8 )  and  o v u le s  ( 2 ,3 0 )  h a s  been  r e p o r t e d  t o  be u n s u c c e s s f u l  ev en  
on MS + 2 ,4 -D  + k i n e t i n  m edium  w i th  o r  w i th o u t  CM su p p le m e n ts  ( 2 ) ,  b u t  
S e a b ro o k  r e p o r t e d l y  o b t a in e d  s h o o t s  fro m  H ip p e a s tru m  o v a ry  e x p l a n t s  on 
MS + NAA ( 2 .0  m g /1 ) + 6 -BA ( 4 .0  m g /1 ) i n  o n ly  8  w e e k s . A few  s h o o ts  
w ere  o b t a in e d  on MS + NAA ( 4 .0  m g /1 ) + 6 -BA ( 4 .0  m g /1 ) and  MS w i th o u t  
e x o g e n o u s  a u x in  o r  c y t o k i n i n  s u p p le m e n ts  ( 8 0 ) .
I p h e io n  ( 3 0 ) ,  N a r c i s s u s  ( 3 0 ,7 9 ) ,  H a w o r th ia  ( 4 1 ,4 7 ) ,  H e m e r o c a l l i s  
( 5 1 ) ,  H o s ta  ( 5 3 ) ,  H y a c in th u s , M u s c a r i , O rn ith o q a lu m  (3 0 )  and  S c i 11 a 
( 3 0 ,3 5 )  hav e  b een  r e p o r t e d  t o  p ro d u c e  p l a n t s  fro m  o v a ry  o r  o v u le  c a l l u s .
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Ip h e io n  ( 3 0 ) ,  N a r c i s s u s  ( 7 9 ) ,  H a w o r th ia  ( 4 7 ) ,  H y a c in th u s , M u s c a r i , 
C rn i th o q a lu m  (3 0 )  an d  S c i l l a  ( 3 0 ,3 5 )  h av e  been  r e p o r t e d  t o  fo rm  p l a n t -  
l e t s  by d i r e c t  o r g a n o g e n e s i s  fro m  o v a r i e s .  H ussey  (3 0 )  r e p o r t s  t h a t  
no p l a n t s  w e re  fo rm e d  fro m  N a r c i s s u s  o v a ry  e x p i a n t s .  T h is  a p p a r e n t  
c o n t r a d i c t i o n  w i th  S e a b ro o k  (7 9 )  may r e s u l t  b e c a u s e  H u ssey  d id  n o t  
su p p le m e n t  t h e  c u l t u r e  m edium  w i th  a c y t o k i n i n .  N e i th e r  c a l l u s  p r o ­
d u c t io n  n o r  o r g a n o g e n e s i s  w as o b s e rv e d  fro m  o v a r i e s  o f  T u l ip a  o r  an y  
m em bers o f  I r i d a c e a e  ( F r e e s i a , G l a d i o l u s , S c h i z o s t y l i s , and  S p a r a x i s ) 
( 3 0 ) .
T he phenom enon o f  o r g a n o g e n e t i c  d i f f e r e n t i a t i o n  in  p l a n t  t i s s u e  
c u l t u r e  h a s  b e e n  fo u n d  t o  b e  t h e  r e s u l t  o f  i n t e r a c t i o n s  b e tw een  a u x in s  
and  c y t o k i n i n s  ( 8 6 ) .  A u x in s  a r e  c r e d i t e d  w i th  t h e  i n d u c t i o n  o f  r o o t s  
and  c y t o k i n i n s  a r e  l a r g e l y  r e s p o n s i b l e  f o r  t h e  f o r m a t io n  o f  s h o o ts  
( 1 ,3 0 ) .
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MATERIALS AND METHODS
S o u rc e  o f  e x p e r im e n ta l  p l a n t s
B u lb s  o f  H ip p e a s tru m  hy b rid u m  H o r t .  c v ,  'A p p le  B lo sso m ' w e re  
o b t a in e d  fro m  a  com m erc ia l s o u r c e  and  c u l t i v a t e d  in  g ro u n d  b e d s  in  
B ato n  R ouge, L o u i s i a n a .
In  v i t r o  c u l t u r a l  p ro c e d u r e s
A ll  c u l t u r e s  w ere  m a in ta in e d  on M u ra sh ig e  and  S k o o g 's  h ig h  s a l t  
medium (1 9 6 2 ) (MS) (A p p en d ix  I ) .  The m edium was am ended w i th  g ro w th  
r e g u l a t o r s  a n d / o r  o r g a n ic  s u p p le m e n ts  w h e re  i n d i c a t e d .  A ll  t r a n s f e r s  
w e re  made in  a l a m in a r - f l o w  h ood . E x p la n ts  w ere  c u l t u r e d  in  25 by 
150 mm p y re x  tu b e s  c lo s e d  w i th  m e ta l o r  p l a s t i c  c l o s u r e  l i d s .  E x p la n ts  
w e re  c u l t u r e d  u n d e r  c o o l - w h i t e  f l u o r e s c e n t  l i g h t s  r a d i a t i n g  94 m ic ro -  
e i n s t e i n s  m"^ s e c " ^  a t  t h e  r a t e  o f  1300  lu x .  The d u r a t i o n  o f  t h e  p h o to ­
p e r io d  w as 16 h o u rs  w i th  8 h o u r s  d a r k .  The te m p e r a tu r e  w as m a in ta in e d  
a t  21 + 1°C . U n le s s  o th e r w i s e  s t a t e d ,  a l l  c u l t u r e s  w ere  t r a n s f e r r e d  
to  f r e s h  medium e a c h  6 w eek s .
B u lb  c u t t a g e  a s  a s o u r c e  o f  s h o o t - a p i c e s
S h o o t - a p i c e s  o f  A m a r y l l i s  w e re  o b t a in e d  fro m  b u l b - s c a l e s  i n  a 
w a t e r - s a t u r a t e d  a tm o s p h e re  (1 0 3 )  ( P l a t e s  1 , 2 , 3 , 4 ) .  M a tu re  b u lb s  o f  
f l o w e r in g  s i z e  (2 0  t o  25 cm c i r c u m f e r e n c e )  w e re  dug and  th o r o u g h ly  
w ashed  in  w a te r .  The r o o t s  w e re  trim m ed  b a c k  t o  t h e  b a s a l  p l a t e  a n d  
t h e  l e a v e s  w e re  trim m ed  b ack  c l o s e  t o  t h e  b u lb .  T he b u lb s  w e re  s t r i p p e d
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P l a t e  1 . A H ip p e a s tru m  b u lb  sh ow ing  t h e  s t a g e s  o f  c u t t a g e  t o  
o b t a i n  s c a l e - s t e r n  f r a c t i o n .
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P l a t e  2 .  A f r u i t  j a r  w i th  H ip p e a s tru m  s c a l e - s t e m  f r a c t i o n s  
u s e d  a s  a s o u r c e  o f  s h o o t - a p i c e s .
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P l a t e  3 .  Bui b l e t s  a r e  g e n e r a l l y  fo rm ed  on t h e  i n n e r  s u r f a c e  
o f  t h e  o u t e r  l e a f  s c a l e  and  n e a r  t h e  b a s a l  p l a t e  ( t o p )  th o u g h  
i t  may b e  on t h e  s u r f a c e  o f  t h e  o u t e r  l e a f  s c a l e  ( lo w e r  r i g h t ) .  
On some o c c a s i o n s ,  no b u l b l e t s  a r e  fo rm ed  ( lo w e r  l e f t ) .
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P l a t e  4 .  A c l o s e  up o f  s c a l e - s t e m  f r a c t i o n s  w ith  b u l b l e t s  (X 1 .5 )
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o f  t h e  o ld  and  d e s i c c a t e d  l e a f - s c a l e s .  The b u lb s  w e re  p la c e d  in  a 
benom yl s o l u t i o n  (2  g 1“ ^) f o r  1 h o u r .
A ll  c u t t i n g  t o o l s  w e re  s u r f a c e - s t e r i l i z e d  in  70 p e r  c e n t  e th a n o l  
and  f la m e d .  The t r e a t e d  b u lb s  w e re  v e r t i c a l l y  s e c t i o n e d  i n t o  10 t o  12 
r a d i a l  s e c t i o n s .  E ach r a d i a l  s e c t i o n  was s u b s e q u e n t ly  c h ip p e d  i n t o  
p i e c e s  c o n s i s t i n g  o f  tw o b u lb  s c a l e s  j o i n e d  by a  p o r t i o n  o f  b a s a l  p l a t e .  
T h e se  b u lb  p i e c e s  h av e  been  r e f e r r e d  t o  a s  " s c a l e - s t e m  f r a c t i o n s "  by 
T ra u b  ( 9 7 ) .  E ach  b u lb  was t h e  s o u r c e  o f  a t  l e a s t  40 s c a l e - s t e m  f r a c t i o n s .
The s c a l e - s t e m  f r a c t i o n s  w e re  d ip p e d  in  a f r e s h  benom yl s o l u t i o n  and  
p l a c e d  i n  q u a r t  f r u i t  j a r s  w i th  1 .5  cm o f  a u to c l a v e d  d i s t i l l e d  w a te r  in  
t h e  b o tto m  ( P l a t e  2 ) .  A s e c t i o n  o f  g a lv a n iz e d  h a rd w a re  c l o t h  c o v e re d  
w i th  p l a s t i c  s c r e e n  was u se d  to  k eep  t h e  s c a l e - s t e m  f r a c t i o n s  o u t  o f  t h e  
w a te r .  E ach  j a r  c o n ta in in g  25 t o  30 f r a c t i o n s  was c lo s e d  w ith  a m e ta l 
s c re w  c a p .  A 1 cm h o le  in  t h e  c e n t e r  o f  e a c h  l i d  was c lo s e d  w i th  n o n ­
a b s o r b e n t  c o t t o n  t o  a l lo w  some g a s  e x c h a n g e  and  r e d u c e  t h e  c h a n c e s  o f  
f e r m e n t a t i o n .  T h u s ,  t h e  j a r ' s  a tm o s p h e re  w as k e p t  a t  o r  c l o s e  t o  t h e  
p o i n t  o f  s a t u r a t i o n .  A ll  j a r s  w e re  s t o r e d  in  t h e  d a r k  a t  22 + 2°C .
C u l tu r e  o f  e x c i s e d  s h o o t - a p i c e s
A p p ro x im a te ly  t h r e e  s h o o t - a p i c e s  w ere  fo rm e d  on e a c h  s c a l e - s t e m  
f r a c t i o n .  T hey  m e a su re d  1 .5  t o  2 .5  mm w id e  and  2 . 0  t o  3 . 0  mm t a l l  
a p p r o x im a te ly  3 w eeks a f t e r  t h e  i n i t i a l  c u t t a g e .  T h e se  s h o o t - a p i c e s  
c o n s i s t e d  o f  a  m e r i s t e m a t i c  dome an d  tw o o r  m ore l e a f  p r im o r d ia .
T h e se  t i s s u e s  w e re  e x c i s e d  fro m  t h e  l e a f - s c a l e  a n d  s u r f a c e  s t e r i l i z e d -  
in  a  0.5%  a q u e o u s  s o l u t i o n  o f  so d iu m  h y p o c h l o r i t e  (10% " C lo ro x " )  f o r  
10 m in u te s .  T he e x p l a n t s  w e re  r i n s e d  t h r e e  t im e s  w i th  s t e r i l e  d i s t i l l e d
R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited without perm ission.
w a te r  an d  t r a n s f e r r e d  to  MS medium (A p p en d ix  I ) .  The medium was 
su p p le m e n te d  w i th  an  a u x in  [NAA, lAA, 2 ,4 -D  o r  4 - c h lo r o p h e n o x y p r o p io n ic  
a c id  (4-C PA )] an d  a c y t o k in in  ( k i n e t i n ,  6 -BA o r  2 iP )  (T a b le  I ) .  Medium 
w as a l s o  am ended w i th  CCC, NAA and  2 iP ;  GA^, NAA and  2 i P ;  m e s o - i n o s i t o l , 
th ia m in e - H C l , p y r id o x in - H C l , n i c o t i n i c  a c i d  and  g l y c i n e ,  NAA and  
k i n e t i n ;  o r  CM (A p p en d ix  I I ) ,  NAA an d  k i n e t i n  (T a b le  I I ) .
P r o p a g a t io n  by c u t t i n g  o f  b u lb l e t s
B u l b l e t s  5 t o  6 mm in  d ia m e te r  w e re  h a lv e d  o r  q u a r t e r e d  l o n g i t u d i ­
n a l l y  an d  p la c e d  on MS m edium  su p p le m e n te d  w i th  NAA ( 0 ,0 0 ,  0 . 5 0 ,  1 .0 0 ,
2 .0 0  o r  4 .0 0  mg 1 "1 )  and  6 -BA ( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  5 .0 0  o r  1 0 .0 0  mg 1“ ^ ) .
A t o t a l  o f  tw o r e p l i c a t i o n s  w as u se d  f o r  t h e  q u a r t e r e d  b u l b l e t s  and  two 
r e p l i c a t i o n s  f o r  t h e  h a lv e d  b u l b l e t s .  U ncu t b u l b l e t s  o f  t h e  sam e s i z e  
w e re  p l a c e d  on one  r e p l i c a t i o n  o f  medium f o r  t h e  p u rp o s e  o f  c o m p a ra t iv e  
o b s e r v a t i o n .
C u l tu r e  o f  f l o r a l  t i s s u e s
H ip p e a s tru m  f lo w e r s  w e re  e x c i s e d  from  m a tu r e ,  n a t u r a l l y  c o o le d  
b u lb s .  F lo w e rs  w e re  o b t a in e d  a t  tw o p e r io d s  o f  d e v e lo p m e n t:  on Decem ber 
15 and F e b ru a ry  1 5 . B u lb s  o b t a in e d  in  D ecem ber had  a c c u m u la te d  280 h o u rs  
o f  c h i l l i n g  (b e lo w  7 ° C ) . The f lo w e r  s i z e  w as d e te r m in e d  by t h e  l e n g th  
fro m  t h e  p ro x im a l e n d  o f  t h e  p e d ic e l  t o  t h e  d i s t a l  end  o f  t h e  u n o pened  
p e t a l s .  The f l o w e r s  ra n g e d  in  l e n g th  from  1 .2  t o  2 .6  cm and  a v e ra g e d  
2 .3  cm. T he b u lb s  o b t a in e d  in  F e b ru a ry  had  a c c u m u la te d  870 h o u rs  o f  
c h i l l i n g .  F lo w e rs  ra n g e d  in  s i z e  from  4 .7  t o  7 .7  cm and  a v e ra g e d  6 .0  cm.
P e t a l ,  a n t h e r ,  f i l a m e n t  and  s t y l e  t i s s u e s  w e re  e x c i s e d  fro m  s u r f a c e -  
s t e r i l i z e d  f l o w e r s  an d  p la c e d  on MS m edium . A f i v e  by  f i v e  f a c t o r i a l
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T a b le  1 . ( c o n t i n u e d .  . . . )
1 E x p e r im e n t Number o f  . t r e a t m e n t s A uxin  Concn mq 1“ ^ C y to k in in  Concn mg 1"^
XI 25 2 ,4 -D ^ 0 . 0 0 ,  0 . 5 0 ,  1 . 0 0 , 6 -BA 0 . 0 0 ,  0 . 5 0 ,  1 .0 0 ,
8 2 . 0 0 ,  4 .0 0 5 . 0 0 ,  1 0 .0 0
X II 25 2 ,4 -D 0 . 0 0 ,  1 . 0 0 ,  5 . 0 0 , 6 -BA 0 . 0 0 ,  5 . 0 0 ,  1 0 .0 0 ,
1 0 .0 0 ,  1 5 .0 0 1 5 .0 0 ,  2 0 .0 0I X II I 25 2 ,4 -D 0 . 0 0 ,  0 . 5 0 ,  1 . 0 0 , k i n e t i n  0 . 0 0 ,  0 . 5 0 ,  1 .0 0 ,; 2 . 0 0 ,  4 .0 0 2 . 0 0 ,  4 .0 0
1 The num ber o f  t r e a t m e n t s  i s  t h e  r e s u l t  o f  a l l  p o s s i b l e  c o m b in a t io n s  o f  t h e  c o n c e n t r a t i o n s  
l i s t e d .  T h e re  w e re  f o u r  r e p s  p e r  t r e a t m e n t
2 NAA 1 - n a p h t h a l e n e a c e t i c  a c i d
3 K in e t in  6 - f u r f u r y l a m i  n o p u r in e
4 2 i p  6 - (  y , V -  d im e th y l  a l  l y l  ami no ) p u r in e
5 6 -BA 6 -b e n z y l  ami n o p u r in e
6 lAA i n d o l e - 3 - a c e t i c  a c i d
7 4-CPA 4 - c h lo r o p h e n o x y p r o p io n ic  a c id
8  2 ,4 -D  2 ,4 - d i c h i o r o p h e n o x y a c e t i c  a c id
T a b le  2 .  Am endm ents t o  M u ra sh ig e  and  S k o o g 's  h ig h  s a l t  m edium (1 9 6 2 )  f o r  in  v i t r o  c u l t u r e  o f  H ip p e a s tru m  
b u l b l e t s .
E x p e r im e n t
Number o f  , 
t r e a t m e n t s S u p p le m e n t Concn mg 1~ A uxin  Concn mg 1~ C y to k in in  Concn mg 1~
XIV 25 CCC^ 0 .1 NAA® 0 . 0 0 ,  0 . 5 0 ,  
1 . 0 0 , 2 . 0 0 , 
4 .0 0
2 ip 4 0 . 0 0 ,
1 . 0 0 ,
1 0 .0 0
0 . 5 0 ,
5 .0 0 ,
XV 25 GAa^ 0 .1 NAA 0 . 0 0 ,  0 . 5 0 ,  
1 . 0 0 , 2 .0 0  
4 .0 0
2 ip 0 . 0 0 ,
1 . 0 0 ,
1 0 .0 0
0 . 5 0 ,
5 .0 0 ,
XVI 25 m e s o - in o s i to l® 2 0 0 .0 NAA 0 . 0 0 ,  0 . 5 0 ,  
1 . 0 0 , 2 . 0 0 , 
4 .0 0
k i n e t i n 0 . 0 0 ,
1 . 0 0 ,
1 0 .0 0
0 . 5 0 ,
5 .0 0 ,
XVII 25 CM® 1 0 0 , 0 0 0 .0 NAA 0 . 0 0 ,  0 . 5 0 ,  
1 . 0 0 , 2 . 0 0 , 
4 .0 0
k i n e t i n 0 . 0 0 ,
1 . 0 0 ,
1 0 .0 0
0 . 5 0 ,
5 .0 0 ,
The num ber o f  t r e a t m e n t s  i s  t h e  r e s u l t  o f  a l l  p o s s i b l e  c o m b in a t io n s  o f  t h e  c o n c e n t r a t i o n s  l i s t e d .  Thi 
w e re  f o u r  r e p s  p e r  t r e a t m e n t
CCC 2 - c h l o r o e t h y l t r i m e t h y l  ammonium c h l o r i d e
1 - n a p h t h a l e n e a c e t i c  a c id
6 -(T ^  -  d i m e th y la l l y l a m in o )  p u r in e
g i b b e r e l l i c  a c id
m s e o - i n o s i t o l  a t  tw o t im e s  c o n c e n t r a t i o n  and  th ia m in e - H C l ,  p y r id o x in - H C l ,  n i c o t i n i c  a c id  an d  g ly c in e  
a c i d  a t  t e n  t im e s  c o n c e n t r a t i o n
K in e t in  6 - f u r f u r y l a m i  n o p u r in e




w ith  f o u r  r e p l i c a t i o n s  p e r  t r e a t m e n t  w as s e t  up t o  s tu d y  t h e  e f f e c t  o f  
a u x in  (NAA) an d  c y t o k i n i n  ( k i n e t i n )  on t h e s e  f o u r  t i s s u e s .  The b a s a l  
m edium w as am ended w i th  NAA ( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,  2 .0 0  o r  4 .0 0  mg 1 " 1 )  
and  k i n e t i n  ( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  5 .0 0  o r  1 0 .0 0  mg l ' ^ )  in  a l l  p o s s i b l e  
c o m b in a t io n s .  S l i c e s  o f  p e t a l  t i s s u e  m e a s u r in g  3 mm w ere  t a k e n  p e r ­
p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  f l o w e r  an d  p la c e d  d i s t a l  en d  down on th e  
m edium . The a n t h e r s  w ere  rem oved fro m  t h e  f i l a m e n t  and  b o th  t i s s u e s  
w e re  p la c e d  h o r i z o n t a l l y  on t h e  m edium . The s t y l e s  w ere  c u t  i n t o  
t h r e e  s e g m e n ts  and  a l s o  p la c e d  h o r i z o n t a l l y  on t h e  m edium .
The i n t a c t  p e d ic e l  and  o v a ry  t i s s u e s  fro m  t h e  D ecem ber f l o w e r s
w ere  p la c e d  on MS b a s a l  medium w i th  t h e  d i s t a l  en d  down. The p e d ic e l
an d  o v a ry  t i s s u e s  fro m  t h e  F e b ru a ry  f l o w e r s  w e re  s e p a r a t e d .  E ach one 
w as c u t  h o r i z o n t a l l y  i n t o  d i s k s  2 mm t h i c k  and  p l a c e d  d i s t a l  s i d e  down 
on MS m edium  c o n t a i n i n g  NAA ( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,  2 .0 0  o r  4 .0 0  mg 1 “ ^ )  and
6 -BA ( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  5 .0 0  o r  1 0 .0 0  mg 1 ” 1 ) .
The p e d ic e l  an d  o v a ry  t i s s u e s  fro m  D ecem ber f l o w e r s  w e re  n o t  t r a n s ­
f e r r e d  t o  f r e s h  m edium . P e t a l ,  a n t h e r ,  f i l a m e n t  and  s t y l e  t i s s u e s  
w e re  t r a n s f e r r e d  e v e r y  5 w e e k s . The p e d ic e l  an d  o v a ry  s l i c e s  fro m  th e  
F e b ru a ry  f l o w e r s  w e re  t r a n s f e r r e d  e a c h  w eek f o r  4  w eeks th e n  e v e r y  
t h i r d  w eek f o r  t h e  d u r a t i o n  o f  t h e  e x p e r im e n t .  T h e se  c u l t u r e s  w e re  
t r a n s f e r r e d  t o  f r e s h  medium a t  s h o r t e r  t im e  i n t e r v a l s  t h a n  o t h e r  
t i s s u e s  d u e  t o  t h e  r e l e a s e  o f  an  a n t h o c y a n i n - l i k e  com pound fro m  t h e  
t i s s u e  s l i c e s .
C u l tu r e  o f  v e g e t a t i v e  t i s s u e s
The i n  v i t r o  c u l t u r e  o f  a m a r y l l i s  r o o t  and  l e a f  t i s s u e  was i n v e s t i ­
g a t e d .  R o o t t i p s  o f  1 .0  cm and  l e a f  d i s k s  o f  7 mm w ere  s u r f a c e - s t e r i l i z e d .
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e x c i s e d  and  p la c e d  on MS b a s a l  m edium s u p p le m e n te d  w ith  NAA ( 0 .0 0 ,  0 . 5 0 ,  
1 . 0 0 ,  2 .0 0  o r  4 .0 0  mg 1 '^ )  and  k i n e t i n  ( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  5 .0 0  o r  1 0 .0 0  
mg 1 ~ ^ ) .  E ach  t r e a t m e n t  had  f o u r  r e p l i c a t i o n s .  Two r e p l i c a t i o n s  w ere  
on a g a r - b a s e d  medium ( 6 .0  g 1 " ^ )  and  tw o r e p l i c a t i o n s  w ere  on f i l t e r  
p a p e r  b r id g e s  in  l i q u i d  m edium .
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RESULTS AND DISCUSSION
T h is  w ork  i n v e s t i g a t e d  t i s s u e  c u l t u r e  m e th o d s  in  t h e i r  a p p l i c a t i o n  
to  t h e  r a p i d  p r o p a g a t io n  o f  H ip p e a s tru m . Some m e th o d s  r e p o r t e d  t o  be 
u se d  w i th  v a r i o u s  d e g r e e s  o f  s u c c e s s  on H ip p e a s tru m  o r  o t h e r  s p e c i e s  
r e l a t e d  i n  som e m an n e r t o  H ip p e a s tru m  an d  o t h e r  m e th o d s  o f  w h ich  no 
r e p o r t e d  u s e s  w ere  fo u n d  w ere  t r i e d .
N ow icki ( 6 6 ) d e s c r i b e d  a m e th o d  f o r  t h e  f r e e i n g  o f  A m ary l1 i s  b u lb s  
fro m  v i r u s  by  u s e  o f  b u l b l e t s  fro m  s c a l e - s t e m  f r a c t i o n s .  The b u l b l e t s  
d id  n o t  p r o l i f e r a t e  upon e x c i s i o n  fro m  s c a l e - s t e m  f r a c t i o n s .  A sy s te m  
u n d e r  w h ich  t h e  b u l b l e t s  o f f s e t  r a p i d l y  i n  v i t r o  w ould  s i g n i f i c a n t l y  
s h o r t e n  t h e  t im e  n e e d e d  t o  b u i l d  up  a l a r g e  s t o c k  o f  d i s e a s e - f r e e  b u lb s .  
A d e p e n d a b le  m eth o d  o f  i n c r e a s e  w o u ld  be v a l u a b l e  f o r  u s e  w i th  s p e c i e s  
and  h y b r id s  w h ich  a r e  d i f f i c u l t  t o  c u l t u r e ,  do  n o t  o f f s e t  r a p i d l y ,  b u t  
a r e  d e s i r a b l e  a s  b r e e d in g  s to c k  f o r  c e r t a i n  g e n e t i c  t r a i t s .
The b a s i c  m e th o d s  w h ich  w ere  u se d  in  t h e  i n v e s t i g a t i o n  h ave  been  
s u c c e s s f u l  w i th  r e l a t e d  f a m i l i e s  an d  g e n e r a  ( 6 3 ,7 6 ) .  A p ic a l g ro w in g  
p o i n t s ,  v e g e t a t i v e  and  f l o r a l  t i s s u e s  a r e  r e s p o n s i b l e  f o r  t h e  p r o d u c t io n  
o f  p l a n t l e t s  by d i r e c t  g e n e r a t i o n  o r  fro m  m a sse s  o f  c a l l i .  T h is  h a s  
b een  r e p o r t e d  f o r  s p e c i e s  in  A g av a c e a e  ( 9 9 ) ,  A m a ry l l id a c e a e  ( 2 ,1 8 , 5 6 ,  
7 8 , 8 0 ,9 0 ) ,  I r i d e c e a e  ( 1 7 ,3 6 ,5 2 ,8 9 ,1 0 4 )  an d  L i l i a c e a e  ( 8 , 1 5 , 2 2 ,4 3 , 7 0 ) .
S h o o t - a p i c e s  a s  an  e x p l a n t  s o u r c e
S h o o t - a p i c e s  o f  H ip p e a s tru m  o b ta in e d  th ro u g h  th e  c u t t a g e  p r o c e s s  
w e re  an e x c e l l e n t  s o u r c e  o f  u n ifo rm  g ro w in g  p o i n t s  in  an a c t i v e  
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m e r i s t e m a t i c  c o n d i t i o n .  J u v e n i l e  t i s s u e s  in  v i t r o  h av e  e x h i b i t e d  a 
s t r o n g  d e g r e e  o f  a p i c a l  dom in an ce  ( 3 1 ) .  E xogenous s o u r c e s  o f  g ro w th  
r e g u l a t o r s ,  p a r t i c u l a r l y  t h e  c y t o k i n i n s ,  hav e  r e s u l t e d  in  a x i l l a r y  
b ra n c h in g  o f  p l a n t l e t s  and  t h e  i n d u c t io n  o f  s h o o t s  fro m  m a sse s  o f  
c a l l i  ( 1 , 1 3 , 6 3 ,7 6 , 1 0 0 ) .  H ip p e a s tru m , u n l i k e  m o s t p l a n t s ,  do n o t  have  
a x i l l a r y  b u d s  i n  t h e  l e a f  a x i l .  O f f s e t s  a r e  fo rm ed  when g ro w in g  p o i n t s  
a r e  in d u c e d  a t  t h e  b a s e  o f  t h e  o u t e r  l e a f - s c a l e s .  T h is  ty p e  o f  
r e a c t i o n  h a s  b een  r e p o r t e d  t o  be an  a u x i n - c y t o k i n i n  i n t e r a c t i o n  in  o t h e r  
p l a n t s  ( 1 , 6 5 , 7 6 ,1 0 0 ) .
T he a d d i t i o n  o f  a u x in s  an d  c y t o k i n i n s  (T a b le  I )  t o  MS medium on 
w h ich  b u l b l e t s  w e re  c u l t u r e d  r e s u l t e d  i n  a  f a i l u r e  t o  o f f s e t  o v e r  a 
16 w eek  p e r i o d .  A ll  b u l b l e t s  g rew  in  a n o rm al m an n e r a t  a u n ifo rm  r a t e  
r e g a r d l e s s  o f  t h e  ty p e  o f  g ro w th  r e g u l a t o r  o r  t h e  c o n c e n t r a t i o n  o f  t h e  
am endm ent. C o n c e n t r a t i o n s  o f  k i n e t i n  (E x p e r im e n t  I I )  and  6 -BA 
(E x p e r im e n t  V I) w e re  i n c r e a s e d  t o  4 0 .0  mg 1 Roo t s  f a i l e d  t o  fo rm  
b u t  t h e  b u l b l e t s  i n c r e a s e d  in  s i z e  and  n o rm al l e a v e s  e l o n g a te d  a t  a r a t e  
e q u a l t o  o t h e r  t r e a t m e n t s .  T h e se  r e s u l t s  a r e  i n  c o n t r a d i c t i o n  t o  t h o s e  
o b t a in e d  by  H u sse y  (3 4 )  who r e p o r t e d  t h a t  b u l b l e t s  p l a c e d  on MS medium 
s u p p le m e n te d  w i th  6 -BA ( 2 .0  mg 1 “ 1 ) p ro d u c e d  o n e  t o  t h r e e  o f f s e t s .
S te a d y  b ra n c h in g  in  l i q u i d  c u l t u r e s  w as o b ta in e d  f o r  some t im e  when 6 -BA 
was u s e d  a t  4 . 0  mg 1“ ^ b u t  d id  n o t  c o n t in u e  b eyond  f o u r  s u b c u l t u r e s .  
H u ssey  f e e l s  t h a t  t h e  b ra n c h in g  w as m ore a d v e n t i t i o u s  t h a n  a x i l l a r y  
a l th o u g h  i t  w as n o t  a lw a y s  e a s y  t o  d i s t i n g u i s h  t h e  d i f f e r e n c e  in  m ono- 
c o ty le d o n o u s  b u lb s  ( 3 8 ) .  H u ssey  (3 1 )  a l s o  s t a t e s  t h a t  s p e c i e s  w h ich  
b e lo n g  t o  L i l i a c e a e  ( e . g .  L i l iu m )  and  A m a r y l l id a c e a e  ( e . g .  N a r c i s s u s )  
a r e  much l e s s  s e n s i t i v e  t o  6 -BA th a n  o t h e r  m o n o c o ty le d o n o u s  f a m i l i e s .
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Good b r a n c h in g  o f  Li 1 iurn an d  N a r c i s s u s  o c c u r r e d  o n ly  a t  c o n c e n t r a t i o n s  
o f  10  ppm o r  m o re .
T he  e r r a t i c  e f f e c t s  and  u n p r e d i c t a b i l i t y  o f  c y t o k i n i n  in  c u l t u r e  
(3 8 )  may h a v e  b e e n  t h e  b i g g e s t  f a c t o r  i n  t h e  v a r i a t i o n  b e tw e e n  r e s u l t s  
f ro m  t h i s  w ork  a n d  H u s s e y 's .  V a r i a t i o n  b e tw een  c u l t i v a r s  h a s  b een  a 
f a c t o r  a f f e c t i n g  o t h e r  f a m i l i e s  and  may h a v e  been  o f  c o n s i d e r a b l e  i n ­
f l u e n c e  on H ip p e a s tru m . The e f f e c t  o f  c l i m a t e  and  c u l t u r a l  c o n d i t i o n s  
on t h e  p a r e n t  m a t e r i a l  m u s t be c o n s i d e r e d .  The sam e c u l t i v a r  m a in ta in e d  
u n d e r  d i f f e r e n t  c u l t u r a l  c o n d i t i o n s  may d i s p l a y  d i f f e r e n t  n a t u r a l  r e p r o ­
d u c t i v e  c h a r a c t e r i s t i c s .  T h u s ,  i t  i s  p o s s i b l e  t h a t  c e r t a i n  g ro w th  r e g u l a ­
t o r s  w e re  o r  w e re  n o t  p r e s e n t  i n  t h e  e x p l a n t  s o u r c e  u s e d  by H u sse y .
Y anagaw a a n d  S a k a n is h i  (1 0 1 )  h a v e  s u g g e s te d  t h a t  a  t r a n s m i t t a b l e  
r e g e n e r a t i v e  s u b s t a n c e  e x i s t s  w h ich  was r e s p o n s i b l e  f o r  t h e  f o r m a t io n  
o f  Hi p p e a s tru m  b u l b l e t s  on th e  s c a l e - s t e m  f r a c t i o n s .  T h is  u n d e f in e d  
en d o g e n o u s  g ro w th  r e g u l a t o r  e x h i b i t e d  a c y t o k i n i n - l i k e  e f f e c t  on th e  
t i s s u e s  th o u g h  i t  was p r o b a b ly  n o t  a  c y t o k i n i n .  I f  t h e  o f f s e t t i n g  had 
b een  a c y t o k i n i n  r e s p o n s e ,  t h e  b u l b l e t s  s h o u ld  h ave  re s p o n d e d  t o  6 -BA, 
k i n e t i n  o r  2 iP  w i th in  t h e  c o n c e n t r a t i o n s  t e s t e d .
T he  p o s s i b i l i t y  e x i s t s  t h a t  t h e  b u l b l e t s  w e re  r e t a r d e d  fro m  o f f ­
s e t t i n g  by h ig h  c o n c e n t r a t i o n s  o f  en d o g e n o u s  g i b b e r e l l i n s  a c t i n g  a s  an 
i n h i b i t o r  o f  o rg a n  f o r m a t io n .  The i n h i b i t o r  o f  g i b b e r e l l i n  s y n t h e s e s ,
CCC ( 0 .1  mg 1 " 1 )  f a i l e d  t o  in d u c e  o f f s e t t i n g  ev en  when a s s o c i a t e d  w i th  
NAA ( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,  2 .0 0  o r  4 .0 0  mg 1 " 1 )  and  2 iP  ( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,
5 .0 0  o r  1 0 .0 0  mg 1 "1 )  (E x p e r im e n t  X IV ). The a d d i t i o n  o f  GA3 ( 0 .1  mg 1~1) 
w i th  NAA ( 0 .0 0 ,  0 .5 0 ,  1 . 0 0 ,  2 .0 0  o r  4 .0 0  mg 1 " 1 )  and  2 iP  ( 0 . 0 0 ,  0 . 5 0 ,
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and  ty p e  o f  g ro w th  a s  t h e  c o n t r o l  and  medium s u p p le m e n te d  w i th  CCC,
NAA and  2 iP .  E n g e lk e  e t . a l .  ( 1 3 )  s t a t e d  t h a t  t h e  i n h i b i t o r  o f  g i b b e r e l l i n  
s y n t h e s i s ,  CCC, w as n o t  e f f e c t i v e  i n  c o u n t e r a c t i n g  t h e  i n h i b i t o r y  
e f f e c t  o f  g i b b e r e l l i n  on o rg a n  f o r m a t io n  in  t o b a c c o  c a l l u s  in  v i t r o . 
H ow ever, h ig h  c o n c e n t r a t i o n s  ( 2 5 . 0 /aM) o f  c y t o k i n i n s  ( k i n e t i n  o r  2 iP )  
c o u n te r a c t e d  t h i s  e f f e c t .  T h u s , i t  was c o n c lu d e d  t h a t  t h e  f a i l u r e  o f  
H ip p e a s tru m  b u l b l e t s  t o  d i f f e r e n t i a t e  a d v e n t i t i o u s  o r  a x i l l a r y  o f f s e t s  
was n o t  t h e  r e s u l t  o f  t h e  i n h i b i t o r y  e f f e c t  o f  g i b b e r e l l i n .
I n c r e a s e d  c o n c e n t r a t i o n s  o f  v i t a m in s
Medium am ended  w i th  h ig h e r  r a t e s  o f  v i t a m in s  h a s  been  r e p o r t e d  t o  
show  i n c r e a s e d  v i g o r  in  t h e  g ro w th  o f  some to b a c c o  c a l l i  c u l t u r e s  ( 4 4 ) .
MS medium w as am ended  w i th  a tw o - f o ld  i n c r e a s e  i n  m e s o - i n o s i t o l  
( 2 0 0 .0  mg 1 “ ^) an d  a 1 0 - f o ld  i n c r e a s e  in  th ia m in e -H C l ( 1 .0  mg 1 " ^ ) ,  
p y r id o x in -H C l ( 5 .0  mg 1 " ^ ) ,  n i c o t i n i c  a c i d  ( 5 .0  mg 1 " ^ )  and  g l y c in e  
(2 0 .0  mg 1 " ^ ) .  B u l b l e t s  w e re  p l a c e d  on t h e  am ended MS medium and  c u l ­
t u r e d  a s  p r e v i o u s l y  d e s c r i b e d .  N e i t h e r  t h e  g ro w th  o f  t h e  b u l b l e t s  n o r  
t h e  t e n d e n c y  t o  o f f s e t  w as s t i m u l a t e d  o r  r e t a r d e d  by t h e  h ig h e r  th a n  
no rm al v i ta m in  l e v e l s .
P r o p a g a t io n  by c u t t i n g  o f  b u l b l e t s
B u l b l e t s  5 t o  8  mm in  d i a m e te r  w e re  h a lv e d  o r  q u a r t e r e d  l o n g i t u d i ­
n a l l y  an d  p l a c e d  on MS medium su p p le m e n te d  w i th  NAA ( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,
2 .0 0  o r  4 .0 0  mg 1 " ^ )  an d  6 -BA ( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,  5 .0 0  o r  1 0 .0 0  mg 1 " 1 ) .
A t o t a l  o f  tw o r e p l i c a t i o n s  was u s e d  f o r  t h e  q u a r t e r e d  b u l b l e t s  and
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tw o r e p l i c a t i o n s  f o r  t h o s e  h a lv e d .  U ncu t b u l b l e t s  o f  t h e  sam e s i z e  
w e re  p la c e d  on one r e p l i c a t i o n  o f  medium f o r  t h e  p u rp o s e  o f  c o m p a ra t iv e  
o b s e r v a t i o n .
S c a l e - s t e m  f r a c t i o n s  w e re  a l lo w e d  t o  re m a in  in  t h e  w a t e r - s a t u r a t e d  
a tm o s p h e re  f o r  6 w eeks i n  o r d e r  t h a t  b u l b l e t s  5 t o  6 mm c o u ld  be 
o b t a i n e d .  I t  was n e c e s s a r y  t h a t  b u l b l e t s  be a llo w e d  t o  r e a c h  t h i s  s i z e  
ra n g e  so  t h a t  e a c h  b u l b l e t  f r a c t i o n  had  a s e c t i o n  o f  b a s a l  p l a t e  
a t t a c h i n g  t h e  m in u te  l e a f  s c a l e s .  The s u r f a c e - s t e r i l i z e d  b u l b l e t s  
w e re  h a lv e d  o r  q u a r t e r e d  an d  p l a c e d  in  an u p r i g h t  p o s i t i o n .  In  s p i t e  
o f  c a r e f u l  t r e a t m e n t ,  some b u lb s  becam e h o r i z o n t a l .
A ll  b u l b l e t  f r a c t i o n s  i n  s p i t e  o f  p o s i t i o n  o r  t r e a t m e n t  fo rm ed  one 
new b u l b l e t  e a c h .  The o r i g i n a l  s i z e  o f  t h e  m o th e r  b u l b l e t  w as re a c h e d  
be tw e e n  t h e  1 0^^  an d  1 2^^  w eek . No v a r i a t i o n s  in  c u l t u r e  t im e  o r  s i z e  
w e re  d e t e c t e d  b e tw een  t h e  d i f f e r e n t  l e v e l s  o f  NAA and  6 -BA. The c o n t r o l  
g ro u p  o f  25 b u l b l e t s  had  o b ta in e d  a s i z e  ra n g e  o f  8  t o  10 mm in  d ia m e te r  
b u t  had  n o t  d i v i d e d .
A 20 t o  25 cm b u lb  w i l l  y i e l d  a t  l e a s t  40 s c a l e - s t e m  f r a c t i o n s .
Each s c a l e - s t e m  f r a c t i o n  w i l l  p ro d u c e  an a v e ra g e  o f  2 .5  b u l b l e t s  a t  
t h e  en d  o f  6 w eeks i n  t h e  w a t e r - s a t u r a t e d  a tm o s p h e re .  The q u a r t e r i n g  
and  s u b c u l t u r i n g  p r o c e s s  may be c a r r i e d  o u t  e a c h  10 t o  12 w e e k s . I f  an 
a v e r a g e  f i g u r e  o f  11 w eeks i s  t o  b e  u s e d ,  a t h e o r e t i c a l  i n c r e a s e  i n  e x ­
c e s s  o f  2 5 ,0 0 0  b u l b l e t s  may be o b ta in e d  o ne  y e a r  a f t e r  t h e  o r i g i n a l  
m o th e r  b u lb  i s  c u t .  T h u s ,  a 250  f o l d  i n c r e a s e  w i l l  be o b t a in e d  o v e r  
t h e  s t a n d a r d  s c a l e - s t e m  f r a c t i o n  p r o c e s s .  A c o m m erc ia l g ro w e r  s h o u ld  
r e a l i z e  an  i n c r e a s e  o f  a b o u t  1 0 ,0 0 0  f o l d  o v e r  n a t u r a l  o f f s e t t i n g .
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R o o ts  w e re  fo rm ed  fro m  t h e  b a s a l  p l a t e  w i th o u t  s p e c i a l  t r e a t m e n t  
w i th in  2 t o  4 w eeks a f t e r  t h e  5 t o  6 mm s t a g e  w as r e a c h e d .  H ow ever, 
r o o t s  fo rm e d  a b o u t  1 t o  2 w eeks e a r l i e r  a t  t h e  u p p e r  tw o c o n c e n t r a t i o n s  
o f  NAA, r e g a r d l e s s  o f  t h e  6 -BA c o n c e n t r a t i o n .  B u l b l e t s  in  t h e  5 t o  6 
mm ra n g e  w ere  t r a n s p l a n t e d  w i th  an d  w i th o u t  r o o t s  w i th  e q u a l  s u c c e s s .
A p e a t - 1 i t e  m ix  in  57 mm p l a s t i c  p o t s  p ro v e d  t o  be s a t i s f a c t o r y  a s  an  
in  v iv o  c u l t u r e  m edium . T he  b u lb s  w e re  m a in ta in e d  a t  o r  n e a r  100 p e r  
c e n t  r e l a t i v e  h u m id i ty .  An 18 h o u r  p h o to p e r io d  o f  2 ,5 0 0  lu x  and  360 
m i c r o e i n s t e i n s  s e c ” ^ w as p r o v id e d  e a c h  24 h o u rs  by h a l f  and  h a l f  
"G ro -L ux" an d  c o o l - w h i t e  f l u o r e s c e n t  b u lb s .  The t e m p e r a tu r e  was 
m a in ta in e d  a t  30  + 2 °C .
C u l tu r e  o f  f l o r a l  t i s s u e s
The u s e  o f  f l o r a l  t i s s u e s  o f f e r s  f o u r  m a jo r  a d v a n ta g e s  f o r  t h e  
r a p i d  i n  v i t r o  p r o p a g a t io n  o f  H ip p e a s tru m . F i r s t ,  i t  d o e s  n o t  r e q u i r e  
t h e  d e s t r u c t i o n  o f  t h e  b u lb .  S e c o n d ,  e x p l a n t  m a t e r i a l  may be o b ta in e d  
a t  t h e  t im e  o f  f l o w e r i n g ,  w h ic h  e n s u r e s  t h a t  o n ly  t r u e - t o - t y p e  m a t e r i a l  
i s  b e in g  p r o p a g a te d .  T h i r d ,  t h i s  e n a b le s  a b r e e d e r  t o  p r o p a g a te  u n iq u e  
s e e d l i n g s  a s  so o n  a s  t h e y  a r e  deem ed d e s i r a b l e  w i th o u t  d e s t r u c t i o n  o f  
t h e  b u lb .  F i n a l l y ,  e x p l a n t s  o b t a in e d  fro m  t h e  a b o v e -g ro u n d  p a r t s  o f  
b u lb o u s  p l a n t s  a r e  r e l a t i v e l y  f r e e  o f  s o i l - b o r n e  c o n ta m in a n ts  ( 8 ,2 4 , 4 1 ,  
5 2 ,5 4 ,1 0 4 ) .
P e t a l ,  a n t h e r ,  f i l a m e n t  an d  s t y l e  t i s s u e s  w e re  e x c i s e d  fro m  s u r f a c e -  
s t e r i l i z e d  f l o w e r s  an d  p l a c e d  on MS m edium  su p p le m e n te d  w i th  NAA ( 0 .0 0 ,
1 0 .0 0  mg 1 " ^ ) .  S q u a re s  o f  p e t a l  t i s s u e  (8  by 8  mm) r o l l e d  up in  a m an n e r
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w hich  r e s u l t e d  i n  t h e  l o s s  o f  c o n t a c t  w i th  t h e  m edium . T h is  r e s u l t e d  
in  r a p i d  d e s i c c a t i o n  an d  s e n e s c in g  o f  t h e  t i s s u e .  S l i c e s  o f  p e t a l  
t i s s u e  m e a s u r in g  3 mm t h i c k  w ere  t a k e n  p e r p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  
f lo w e r  an d  p l a c e d  d i s t a l  en d  down on t h e  m edium . T h e se  t i s s u e s  re m a in e d  
in  c o n t a c t  w i th  t h e  m edium . They i n c r e a s e d  in  s i z e  by a b o u t  f o u r  f o ld  
o v e r  a 4 w eek p e r i o d .  The in c r e a s e  i n  s i z e  w as a t t r i b u t e d  t o  c e l l  e n l a r g e ­
m en t and  n o t  t o  d i v i s i o n  a f t e r  m ic r o s c o p ic  o b s e r v a t i o n .  The t i s s u e s  
re m a in e d  a l i v e  f o r  m ore th a n  9 m o n th s b u t  d id  n o t  fo rm  c a l l u s  o r  p l a n t ­
l e t s .  No v a r i a t i o n  was o b s e rv e d  b e tw e e n  t h e  ag e  o f  t h e  t i s s u e  o r  th e  
l o c a t i o n  on t h e  f l o w e r .  A n th e r ,  f i l a m e n t  an d  s t y l e  t i s s u e s  d id  n o t  
e n l a r g e  l i k e  t h e  p e t a l  t i s s u e .  T he a n t h e r s  d e h is c e d  a lo n g  t h e  s u t u r e  
a f t e r  10 d a y s  o f  c u l t u r e  b u t  no p o l l e n  w as s h e d .  S p e c k s  o f  y e l lo w - g r e e n  
t o  c ream  c o lo r e d  c a l l u s  a b o u t  0 .5  t o  1 .0  mm w ere  p ro d u c e d  a t  t h e  en d s  
o f  t h e  f i l a m e n t  an d  s t y l e  t i s s u e s  on m edium  w h ich  c o n ta in e d  a u x in .  C a l lu s  
was n o t  fo rm e d  a t  t h e  z e r o  a u x in  l e v e l  and  d id  n o t  a p p e a r  t o  be i n f lu e n c e d  
by t h e  l e v e l  o f  c y t o k i n i n .  The c a l l u s  c o u ld  n o t  be i n c r e a s e d  even  on 
medium s u p p le m e n te d  by 10% ( v / v )  CM. No v a r i a t i o n  w as o b s e rv e d  be tw een  
t h e  tw o a g e s  o f  f l o r a l  t i s s u e  t e s t e d  (D ecem ber and  F e b r u a r y ) .  B ap a t 
and  N arayanasw am y (2 )  r e p o r t e d  t h a t  A m a r y l l i s  c a l l u s  c o u ld  be grown on 
MS m edium  s u p p le m e n te d  w i th  10% ( v / v )  CM. One p o s s i b l e  r e a s o n  f o r  t h i s  
d i s c r e p a n c y  w as t h a t  NAA w as t h e  a u x in  u s e d  t o  i n i t i a t e  c a l l u s  in  t h i s  
e x p e r im e n t  i n s t e a d  o f  2 ,4 -D ,  u se d  by B a p a t an d  N arayanasw am y.
E x p la n ts  c o n s i s t i n g  o f  t h e  e n t i r e  p e d u n c le  an d  o v a ry  o f  s e v e n  
D ecem ber f l o w e r s  w e re  p l a c e d  d i s t a l  en d  down on MS medium su p p le m e n te d  
w i th  NAA ( 1 .0  mg 1 " ^ )  and  k i n e t i n  ( 1 .0  mg 1 " ^ ) .  The medium becam e
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r e d d is h - b r o w n  t o  a lm o s t  b l a c k  in  c o l o r  a f t e r  a p e r io d  o f  8  w eeks in
a lo n g  t h e  s u t u r e s .  A t o t a l  o f  52 b u l b l e t s  w as o b t a in e d  fro m  f i v e  o f  
t h e  s e v e n  e x p l a n t s  ( P l a t e  5 ) .  The r e m a in in g  tw o e x p l a n t s  p ro d u c e d  no 
p l a n t l e t s .  The b u l b l e t s  had  fo rm e d  fro m  th e  i n s i d e  o f  t h e  o v a ry  w a l l  
an d  p o s s i b l y  on t h e  p l a c e n t a .  The e x p l a n t  had d e g e n e r a t e d  by t h i s  t im e  
t o  a l e a t h e r y  m ass an d  show ed no i n d i c a t i o n  o f  f u r t h e r  d i f f e r e n t i a t i o n .  
H ow ever, t h e  b u l b l e t s  o n ly  r a r e l y  r o o t e d  u n t i l  t h e y  w ere  rem oved fro m  
t h i s  r e s i d u e  ( P l a t e  5 ) .  The l e v e l  o f  a u x in  an d  c y t o k i n i n  d id  n o t  a p p e a r  
t o  a f f e c t  t h e  f o r m a t io n  o f  r o o t s  w h ich  fo rm e d  e q u a l l y  w e l l  a t  a l l  c o n ­
c e n t r a t i o n s  o f  NAA ( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,  2 .0 0  o r  4 .0 0  mg 1 " ^ )  and  k i n e t i n  
( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  5 .0 0  o r  1 0 .0 0  mg r ^ ) .
S l i c e s  o f  p e d u n c le  and  o v a r y  t i s s u e s  2 mm t h i c k  w e re  ta k e n  p e r p e n ­
d i c u l a r  t o  t h e  a x i s  o f  t h e  f l o w e r .  The s l i c e s  w e re  p la c e d  d i s t a l  end  
down on MS medium  am ended  w i th  NAA ( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  2 .0 0  o r  4 .0 0  mg 1 " ^ )  
a nd  6 -BA ( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,  5 .0 0  o r  1 0 .0 0  mg 1 " ^ ) .  The e x p l a n t s  had  
b egun t o  fo rm  a w h i te  n o n - f i r a b l e  c a l l u s  on t h e  p ro x im a l  c u t  o f  t h e  
p e d u n c le  and  t h e  o v a r y  s l i c e s  by t h e  f i f t h  d a y  o f  c u l t u r e .  By t h e  
n i n t h  d a y ,  t h e  s l i c e s  had  fo rm e d  a d e n s e  c r u s t  o f  c a l l u s  ( P l a t e s  7 , 8 ,  
9 , 1 0 ,1 1 ) .  The o v u le s  in  t h e  o v a r i e s  e n l a r g e d  t o  2 mm in  t h e  s e c o n d  week 
b u t  d id  n o t  d e v e lo p  i n t o  c a l l u s  o r  p l a n t l e t s .  T hey  re m a in e d  w h i te  and
T he r e l e a s e  o f  a n  a n t h o c y a n i n - l i k e  m a t e r i a l  f ro m  t h e  p e d u n c le  and  
o v a ry  e x p l a n t s  a p p e a r s  t o  be c o r r e l a t e d  t o  t h e  c o n d i t i o n  o f  t h e  t i s s u e
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P l a t e  5 . B u l b l e t s  fo rm ed  on e n t i r e  p e d u n c le  
an d  o v a ry  t i s s u e  o f  a D ecem ber f l o w e r  36 w eeks 
a f t e r  b e in g  e x c i s e d  fro m  t h e  f l o w e r  MS + NAA 
( 1 .0  mg 1 - 1 ) + k i n e t i n  ( 1 .0  mg 1“ 1 ) .
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P l a t e  6 .  B u l b l e t s  i n h i b i t e d  fro m  r o o t i n g  by 
th e  p e d u n c le  r e s i d u e  MS + NAA ( 1 .0 0  mg 1 “ ^)
+ k i n e t i n  ( 1 .0 0  mg 1 - 1 ) .
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P l a t e  7 .  H ip p e a s tru m  ( A m a r y l l i s ) p e d u n c le  t i s s u e  a f t e r  9 d a y s  
on MS medium su p p le m e n te d  w i th  k i n e t i n  ( 0 .0 0  mg 1 -1 )  and  NAA 
( 0 .0 0 ,  0 .5 0 ,  1 . 0 0 ,  2 .0 0  an d  4 .0 0  mg I ' l )  ( l e f t  t o  r i g h t ) .
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A.„daMS 1' ED.
. H ip p e a s tru m  ( A m a r y l l i s ) p e d u n c le  t i s s u e  a f t e r  9 d a y s  
ed ium  s u p p le m e n te d  w i th  k i n e t i n  ( 0 .5 0  mg 1 " 1 )
P l a t e  8   . .
on MS m e i I"-*-  and  NAA 
( 0 .0 0 ,  0 . 5 0 ,  1 .0 0 ,  2 .0 0  an d  4 .0 0  mg I ' l )  ( l e f t  t o  r i g h t ) .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
A M A R Y L L I S  ^
d  Cu(S ^  E"D. ." ? d la r \^ I
P l a t e  9 .  H ip p e a s tru m  ( A m a r y l l i s ) p e d u n c le  t i s s u e  a f t e r  9 d ay s  
on MS m edium  su p p le m e n te d  w i th  k i n e t i n  ( 1 .0 0  mg 1 “ ^) and  NAA 
( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  2 .0 0  and  4 .0 0  mg 1 " ^ )  ( l e f t  t o  r i g h t ) .
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P l a t e  1 0 . H ip p e a s tru m  ( A m a r y l l i s ) p e d u n c le  t i s s u e  a f t e r  9 d a y s  
on MS m edium  su p p le m e n te d  w ith  k i n e t i n  ( 5 .0 0  mg 1 -1 )  and  NAA 
( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  2 .0 0  and  4 .0 0  mg 1 -1 )  ( l e f t  t o  r i g h t ) .
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P l a t e  1 1 . H ip p e a s tru m  ( Amar.yll i s ) p e d u n c le  t i s s u e  a f t e r  9 d a y s  
on MS m edium  su p p le m e n te d  w ith  k i n e t i n  (1 0 .0 0  mg 1 -1 )  and NAA 
( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  2 .0 0  an d  4 .0 0  mg 1 “ 1) ( l e f t  t o  r i g h t ) .
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and  a p p a r e n t l y  was n o t  t o x i c  t o  t h e  e x p l a n t .  T h o se  t i s s u e s  on medium 
c o n ta in in g  t h e  z e r o  l e v e l  o f  NAA d id  n o t  d i s c o l o r  t h e  m edium  a f t e r  t h e  
f i r s t  t r a n s f e r .  L ik e w is e ,  a f t e r  t h e  t h i r d  w e e k ly  t r a n s f e r ,  t h o s e  
t i s s u e s  on m edium  w i th  0 .5  mg 1"^  NAA c e a s e d  t o  r e l e a s e  t h e  e x u d a te .  
T h e se  t i s s u e s  began  t o  v i s i b l y  d e g e n e r a t e  be tw een  1 and  2 w eeks 
a f t e r  t h e  e x u d a t io n  s to p p e d .  The g r e a t e s t  am oun t o f  m edium  d i s c o l o r a ­
t i o n  w as s e e n  w i th  6 -BA a t  1 0 .0  mg 1"^  and  NAA ab o v e  0 . 5  mg 1 " ^ .  T h is  
ro u g h ly  c o r r e s p o n d s  t o  t h e  c o n d i t i o n s  u n d e r  w h ich  t h e  g r e a t e s t  num ber 
o f  p l a n t s  w e re  p r o d u c e d .  When y o ung  a c t i v e l y  g ro w in g  b u l b l e t s  w ere  
t r a n s f e r r e d  t o  o ld  m edium d i s c o l o r e d  by t h e  a n t h o c y a n i n - l i k e  m a te r i a l  
th e y  g rew  a s  r a p i d l y  a s  b u l b l e t s  on f r e s h  m edium .
T he num ber o f  p l a n t s  an d  r o o t s  p ro d u c e d  by t h e  o v a r y  t i s s u e  i n ­
c r e a s e d  w i th  m ovem ent from  t h e  d i s t a l  t o  t h e  p ro x im a l s e c t i o n s .  S h o o ts  
fo rm e d  when NAA and  6 -BA c o n c e n t r a t i o n s  w ere  r e s p e c t i v e l y  1 .0  and  1 0 .0 0 ,  
2 .0  and  5 . 0 0 ,  an d  2 . 0  and  1 0 .0 0  mg 1 " ^ .  The l a t e r  f o r m u la t io n  was t h e  
m o s t e f f e c t i v e .  The p l a n t l e t s  p ro d u c e d  on t h e  p e d u n c le  l i k e  t h o s e  on 
t h e  o v a ry  w ere  fo rm ed  fro m  t h e  i n n e r  t i s s u e s  a t  t h e  p ro x im a l e n d .  The 
NAA an d  6 -BA c o n c e n t r a t i o n s  w e re  t h e  sam e f o r  p i a n t i  e t  p r o d u c t io n .  How­
e v e r ,  t h e  p e d u n c le  t i s s u e s  w ere  m ore  p r o l i f i c  th a n  t h e  o v a r y  t i s s u e s  
( P l a t e s  1 2 , 1 3 ) .  T h is  i n v e s t i g a t i o n  o f  'A p p le  B lo sso m ' h a s  r e s u l t e d  in  
p l a n t l e t s  fro m  p e d u n c le  and  o v a r y  t i s s u e s  o f  b o th  t h e  F e b ru a ry  f l o w e r s  
sh o w in g  a b lu s h  o f  c o l o r  a s  w e l l  a s  t h e  v e r y  j u v e n i l e  D ecem ber t i s s u e s .  
T h is  i s  o p p o s i t e  t o  M e y e r 's  (5 4 )  r e s u l t s  w i th  H e m e r o c a l l i s  w h e re  p l a n t ­
l e t s  w e re  o f t e n  p ro d u c e d  o n ly  i n  t h e  p e d u n c le  a few  m i l l i m e t e r s  b e lo w  
t h e  o v a r y .
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C u l tu r e  o f  v e g e t a t i v e  t i s s u e s
R o o t t i p s  ( 1 .0  cm) c u l t u r e d  i n  v i t r o  on MS medium ( u s in g  b o th  
f i l t e r  p a p e r  b r i d g e s  an d  a g a r  b a s e )  s u p p le m e n te d  w i th  NAA ( 0 .0 0 ,  0 . 5 0 ,  
1 .0 0 ,  2 .0 0  o r  4 .0 0  mg 1 “ ^ ) and  k i n e t i n  ( 0 .0 0 ,  0 . 5 0 ,  1 . 0 0 ,  5 .0 0  o r  1 0 .0 0  
mg 1 " ^ )  d id  n o t  fo rm  c a l l u s ,  p l a n t l e t s  o r  e n l a r g e  ( P l a t e  1 4 ) .  T he 3 mm 
d i r e c t l y  b e h in d  t h e  r o o t  c a p  d id  becom e d a r k  g r e e n .  The e x p l a n t s  re m a in e d  
a l i v e  f o r  a p e r io d  o f  6 m o n th s  b e f o r e  s e n e s c in g .
L e a f  d i s k s  (7  mm) w e re  o b t a in e d  fro m  l e a f  b l a d e s  w h ich  had  e x te n d e d  
t o  15 cm ab o v e  t h e  b a s a l  p l a t e .  T he d i s k s  w ere  t a k e n  fro m  t h e  6  t o  13 cm 
z o n e  an d  p la c e d  a d a x ia l  s i d e  up on MS medium a s  d e s c r i b e d  f o r  t h e  r o o t  
t i p s .  T he d i s k s  t u r n e d  a  r e d d is h -b ro w n  by t h e  end  o f  t h e  f i r s t  w eek o f  
c u l t u r e .  A f t e r  4  w eeks o f  c u l t u r e ,  t h e  e x p l a n t s  had  a lm o s t  t r i p l e d  
t h e i r  o r i g i n a l  t h i c k n e s s .  The 4 mm t h i c k  d i s k s  w e re  l e a t h e r y  t o  woody 
i n  n a t u r e  ( P l a t e  1 5 ) .  T he e x p l a n t s  d e g e n e r a te d  u n t i l  t h e  f i f t h  m onth 
when th e y  becam e s e n e s c e n t .  No c a l l u s  o r  e x p l a n t s  w e re  p ro d u c e d  by  an y  
t r e a t m e n t .  No v a r i a t i o n  w as n o te d  b e tw een  f i l t e r  p a p e r  b r id g e s  and  
a g a r  b a s e d  m edium in  e i t h e r  t h e  r o o t  t i p  o r  t h e  l e a f  d i s k  t r i a l s .
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SUMMARY AND CONCLUSIONS '
H ip p e a s tru m  h y b rid u m  H o r t .  c v .  'A p p le  B lo sso m ' may be r a p i d l y  
p ro p a g a te d  fro m  b u l b l e t s  o b t a in e d  fro m  s c a l e - s t e r n  f r a c t i o n s .  The r a t e  
o f  p r o p a g a t io n  may be f u r t h e r  i n c r e a s e d  by l o n g i t u d i n a l  q u a r t e r i n g  o f  
t h e  b u l b l e t s .  A 2 50  f o l d  i n c r e a s e  may be r e a l i z e d  o v e r  t h e  s c a l e -  
ste rn  f r a c t i o n  p r o c e s s .  B u lb l e t s  o b t a in e d  fro m  s e a l  e - s te m  f r a c t i o n s  
c o u ld  n o t  be in d u c e d  t o  d i v i d e  in  v i t r o  by a u x in  a n d /o r  c y t o k in in  
su p p le m e n ts  t o  t h e  m edium .
P l a n t l e t s  w e re  o b t a in e d  fro m  2 mm s l i c e s  o f  o v a ry  an d  p e d u n c le  
t i s s u e s  an d  p l a c e d  d i s t a l  s i d e  up on M u ra sh ig e  an d  S k o o g 's  h ig h  s a l t  
medium su p p le m e n te d  w i th  2 .0 0  mg 1 “  ̂ NAA and  1 0 .0 0  mg 1“ ^ 6 -BA.
S l i c e s  o f  p e d u n c le  t i s s u e  w ere  m ore p r o d u c t iv e  th a n  o v a ry  t i s s u e  s l i c e s .  
The p r o d u c t i v i t y  o f  t h e  o v a ry  i n c r e a s e d  w i th  m ovem ent to w a rd  t h e  p e d u n c le .  
No p l a n t l e t s  w e re  o b t a in e d  fro m  p e t a l ,  a n t h e r ,  f i l a m e n t ,  s t y l e ,  l e a f  
o r  r o o t  t i s s u e s .
The m a jo r  p ro b le m  o f  p l a n t  t i s s u e  c u l t u r e  r e s e a r c h  h a s  b een  t h e  
v a r i a b i l i t y  o f  r e s u l t s  b e tw een  r e s e a r c h e r s .  In  v i t r o  p r o p a g a t io n  o f  
H ip p e a s tru m  h a s  b een  no  e x c e p t io n .  The i n h e r e n t  g e n e t i c  v a r i a t i o n  
be tw een  c l o n e s ,  t h e  g ro u p in g  o f  s i m i l a r  l i n e s  i n t o  c lo n e s  an d  t h e  
v a r i a t i o n  b e tw een  te c h n iq u e s  may h a v e  been  f a c t o r s  l e a d in g  t o  d i f f e r e n t  
r e s u l t s .  R e l a t i v e l y  l i t t l e  h a s  been  l e a r n e d  o f  t h e  e f f e c t  o f  t h e  
c u l t u r a l  e n v iro n m e n t  on t h e  e x p l a n t  and  i t s  r e s p o n s e  i n  v i t r o . S t a t i s ­
t i c a l  c h a n c e  s h o u ld  h av e  l i t t l e  e f f e c t  w i th  t h e  r i g i d l y  c o n t r o l l e d  
4 8
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e n v iro n m e n t  o f  a c u l t u r e  room  b u t  a p p a r e n t l y  d o e s .
In  v i t r o  c u l t u r e  o f  o rn a m e n ta l  p l a n t s  h a s  a b r i g h t  f u t u r e  a s  
t h e  p u b l i c  i n c r e a s e s  i t s  dem and f o r  d i s e a s e  f r e e  named c u l t i v a r s .
To m e e t t h e s e  n e e d s ,  i t  w i l l  be n e c e s s a r y  t o  r e s o r t  t o  t i s s u e  c u l t u r e  
f o r  t h e  te c h n iq u e s  o f  r a p i d  p r o p a g a t io n .  In  v i t r o  w ork  on H ip p e a s tru m  
a s  i n  t h i s  i n v e s t i g a t i o n  show s p ro m is e  a s  a m e th o d  t o  r e d u c e  t im e  
in v o lv e d  in  d e v e lo p in g  new c u l t i v a r s  an d  a s  a  t o o l  f o r  t h e  m ass 
p r o d u c t io n  o f  s t e r i l e  s p e c i e s  an d  h y b r id s  s lo w  t o  o f f s e t .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
M u ra sh ig e  an d  S k o o g 's  (1 9 6 2 )  h ig h  s a l t  n u t r i e n t  
m edium  f o r  t h e  f o r m a t io n  and  g ro w th  o f  p l a n t l e t s  
fro m  e x p l a n t s  o f  H ip p e a s tru m  ( 6 0 ) .
I n g r e d i e n t s mg 1“ ^ medium
I n o r g a n ic  c o n s t i t u e n t s
NH4 NO3 1 ,6 5 0 .0
KNO3 1 ,9 0 0 .0
CaClg.EHgO 4 4 0 .0
MgSO^'THgO 3 7 0 .0
KHgPO^ 1 7 0 .0
NaHgPO^'HgO 1 7 0 .0
NagEDTA 3 7 .3
FeSO^-YHgO 2 7 .8
H3BO3 5 .2
MnS0^-4H20 2 2 .3
Z nS0^-4H 20 8 .6
KI 0 .8 3
NagMoO^'ZHgO 0 .2 5
CuSO^-SHgO 0 .0 2 5
CoClg-eHgO 0 .0 2 5
O rg a n ic  c o n s t i t u e n t s
Thiam ine-H O I 1 .0
P y r i d o x i n ’ HCl 5 .0
N i c o t i n i c  A cid 5 .0
M e s o - I n o s i to l 1 0 0 .0
A d e n in e  s u l f a t e - d i h y d r a t e 4 0 .0
S u c ro s e 2 5 ,0 0 0 .0
D ifc o  B a c to  a g a r 6 , 0 0 0 .0
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P r e p a r a t i o n  o f  c o c o n u t  m ilk  (c o c o n u t  w a te r )  
f o r  u s e  a s  m edium su p p le m e n t  in  p l a n t  t i s s u e  
c u l t u r e s  ( 9 8 ) .
The p ro c e d u r e  u se d  in  t h e  p r e p a r a t i o n  o f  c o c o n u t  m ilk  a s  a l i q u i d  
s u p p le m e n t  f o r  t i s s u e  c u l t u r e  m edium  i s  a s  f o l l o w s :
1 . Remove t h e  l i q u i d  en d o sp e rm  fro m  t h e  c o c o n u ts
2 .  H e a t t o  80°C  t o  f i x  i t
3 .  Cool an d  s t o r e  a t  -15°C
4 .  Add t o  t h e  m edium  a t  t h e  r a t e  o f  10% ( v /v )
p r e s s u r e  and  IZIOQ
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